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EXECUTIVE SUMMARY 
In present day society there is an artificial dichotomy between wastes and resources that is perhaps 
best summed up by the Western Sydney Waste Board slogan “there is no such thing as waste – only 
resources in the wrong place and at the wrong time”.  Waste management was originally driven by 
managing the health consequences of wrong time/place materials.  This has changed and the 
significant driver is now the sustainable utilisation of resources, that is, trying to optimally recover as 
resources (right time/place) those materials that present as wastes requiring management. 
However, it is not acceptable to justify a resource recovery option purely on the basis that it is 
diverting material away from landfill.  Preferences are emerging for recovery activities that maximise 
the resource value of a material according to techno-economic, environmental and socio-political 
criteria; collectively known as the criteria of sustainability.  The people and organisations articulating 
these preferences include owners/operators of resource recovery centres, proponents of alternative 
waste management technologies, waste planners and managers at both a state and local 
government level and environmental NGOs representing community interests, in addition to the 
generators of waste at a domestic, commercial and industrial, and construction and demolition level.  
It is therefore important to be able to answer the question of “what is the optimal or most sustainable 
resource recovery option for materials presenting as waste to landfill in the Greater Sydney Region?” 
The point of departure for this thesis is twofold.  Firstly, that optimal resource recovery options (also 
known as alternative waste management technologies) can be identified by understanding the 
context and system drivers and constraints within the system of waste generation and utilisation, by 
modelling the system using industrial ecology (specifically Materials Flux Analysis) and by using the 
technology assessment framework developed by the NSW Alternative Waste Management 
Technologies and Practices Inquiry to evaluate the available options. 
Secondly, that should the assessment framework from the NSW Inquiry prove to be unsuitable as a 
framework for evaluation, then an improved and refined assessment framework can be constructed in 
order to identify optimal resource recovery options and that this process can be successfully 
demonstrated using wood waste as a case study. 
The context of waste as an issue has shifted from local government control (pre-1970s) to state 
government control through the Department of Environment and Conservation.  This transition 
followed experiments with organisations such as the NSW Waste Boards and Resource NSW, in 
addition to state targets such as a 60% reduction of waste to landfill by the year 2000. 
In addition to this backdrop of change from a government administrative perspective, there are also a 
suite of often conflicting drivers and constraints influencing the process of resource recovery.  For 
example, sustainable development is a public policy driver for the integration of environmental and 
societal concerns, but can also constrain new innovation if competing “status quo” utilisation options 
are not subject to the same scrutiny.   
Similarly, legislation acts as a constraint to resource recovery options by establishing license 
conditions, prohibiting some energy recovery options and setting recovery criteria; however legislation 
also acts as a driver for resource recovery options that generate renewable electricity or act to reduce 
greenhouse gas emissions.  Other drivers and constraints include social, technical and economic 
issues and concerns in addition to environmental impacts such as emissions to air, land and water.  
Industrial ecology is a model for viewing system components as part of a dependent and interrelated 
greater whole.  Within the context of Industrial Ecology, waste is a by-product of manufacture 
available as a beneficial input into other processes.  Using Materials Flux Analysis as a tool to build a 
model of waste generation and utilisation, elements within the system are presented as a series of 
stocks (sources), technology interventions (transformation flows) and sinks (markets). 
  
The stocks or sources of materials for resource recovery are categorised as Municipal Solid (MSW), 
Commercial and Industrial (C&I) or Construction and Demolition (C&D) wastes.  Approximately seven 
million tonnes of waste is generated in the Greater Sydney Region (nearly two and a half million 
tonnes of materials recovered for recycling and four and a half million tonnes of materials disposed of  
to landfill).   
The purpose of technology intervention is to transform the material into a product that is suited to the 
end market (sink).  Markets are grouped according to reuse (same function and form), direct recycling 
(same supply chain), indirect recycling (different supply chain) and energy recovery (either as process 
heat, electricity or co-generation, a combination of the two).  Landfill is also a potential sink for 
materials and in this sense can be thought of as a negative value market.   
The Alternative Waste Management Technologies and Practices Inquiry provided an assessment 
framework for resource recovery technologies.  Each technology was measured and compared 
against 16 evaluation criteria, resulting in a score out of one hundred.  Material sorting scored the 
highest (81.5), incineration the lowest (50.8) with most of the biological technologies performing “well” 
(64.6 – 71.7) and with the landfill technologies performing “moderately well” (60.4 - 61.4). 
The positive features of the Inquiry included the overview of alternative resource recovery 
technologies, waste generation and other issues pertinent to decision making and resource recovery.  
The negatives of the Inquiry arise from the inadequacies of the assessment framework, which lacked 
technology options, system boundary definition and requisite evaluation criteria in addition to 
inconsistencies in scoring approaches.  By undertaking a sensitivity analysis on the Inquiry’s results, 
it is shown that rank order reversal results from the allocation of weightings. 
The improved and refined assessment framework, constructed to overcome identified inadequacies 
of the Inquiry’s approach, focussed on clearly identifying the problem to be addressed and the 
primary decision maker involved in the process; ensuring that appropriate options for evaluation were 
included; defining the system boundary for the assessment; selecting necessary evaluation criteria; 
adopting a more sophisticated system for scoring; and using a sensitivity analysis to validate the 
results of the resource recovery option evaluation. 
Wood waste was used as a case study for this second assessment methodology.  Wood waste refers 
to the end-of-life products, failed products, offcuts, shavings and sawdust from all timber products.  
Approximately 350,000 tonnes of wood waste are disposed of to landfill each year.  This comprises 
untreated timber (hard wood and soft wood), engineered timber products (particleboard, medium 
density fibreboard and plywood) and treated timber (predominately copper chrome arsenic). 
Eight wood resource recovery options are selected for evaluation within the Greater Sydney Region 
with a different approach to scoring that has the advantage of “scaling up” the best performers within 
each attribute (highest score) while “scaling down” the worst performers (no score).  Under this 
evaluation, an on-site purpose built energy facility is the most preferred option with particleboard 
manufacture the least preferred option. 
A sensitivity analysis of the results reveals that the scores of each technology option are sensitive to 
the weightings of the decision maker. When the change in rankings is examined, it is identified that 
two eight wood recovery options undergo a large rank reversal. 
A critique of the results of the wood evaluation reveals five major flaws.  Firstly the evaluation 
produces non-highest resource value results that are non-intuitive (and arguably misleading), for 
example the poor performance of reuse and particleboard against energy generation options.  
Secondly, the recording of a single summary score for each recovery option hides unacceptable 
performance levels in some criteria.  For example, the top scorer of Primary Energy On-site hides the 
fact that such an option is likely to have no political desirability (likely public opposition to 
“incineration” within the Sydney air-shed), calling into question its ability to be implemented as a 
solution.  Thirdly there is a reliance on judgement for the scoring of options and weighting of 
preferences, calling into doubt the accuracy of scores.   
Fourthly, the rankings of recovery options by the assessment framework are sensitive to the 
allocation of weightings.   Finally and most importantly, the refined evaluation approach suffers from 
the “discrete option syndrome”, the scoring of each recovery option in isolation with no ability to look 
at integrated systems with joint recovery options.  This is pinpointed as a fundamental flaw in the 
process of both the Inquiry and the wood evaluation.   
This leads to the conclusion that the founding assertions of this thesis were false.  That is to say that 
the assessment framework developed by the NSW Alternative Waste Management Technologies and 
Practices Inquiry is not suitable for use in evaluating resource recovery options.  Furthermore a 
refined assessment framework based on this approach is also unable to identify optimal resource 
recovery options as demonstrated using wood waste as a case study. 
The results of this research points to the overall conclusion that any discrete option evaluation and 
assessment for resource recovery technologies that results in a single summary score for each option 
will be fundamentally flawed, providing no value in determining optimal resource recovery solutions 
for the Greater Sydney Region. 
A systems approach is suggested as an alternative method for the evaluation of optimal resource 
recovery, the starting point of which is to ask “what is the highest resource value of the components 
in the material stream under consideration and how could a network of infrastructure be designed in 
order to allow materials to flow to their highest resource value use?”  A feature of such an integrated 
approach is a focus on the materials composition of recovered resources, as opposed to recovery 
technologies, resulting in a “fit for purpose” as opposed to a “forced fit” style of resource recovery. 
It is recommended that further research and public policy efforts be made in logistics planning across 
the Greater Sydney Region (as opposed to a regional or local government area) in order to create 
network opportunities for integrated flows of materials to move toward their highest resource value. 
 
 
 
 
  
GLOSSARY OF KEY TERMS AND CONCEPTS USED IN THIS THESIS 
Commercial and Industrial (C&I) 
Waste 
Waste materials generated from fixed point sources of the manufacturing, 
wholesale retail and professional services and administration sectors. 
Constraints Negative pressures that act to set limits either in a physical fashion, for 
example technology capability, or in a management fashion – eg. the 
nature and role of decision makers. 
Construction and Demolition 
(C&D) Waste 
Waste materials generated from construction and demolition activities both 
on a large scale (high rise) and small scale (residential housing). 
Drivers Positive pressures that act as incentives for optimal waste utilisation.  
Energy from Waste (EfW) The recovery of the calorific value of a waste material through a range of 
technology processes such as combustion, anaerobic digestion and 
gasification.  EfW seeks to maximise the recovered energy as the primary 
purpose of the operation as opposed to Waste to Energy which has the 
destruction of waste materials as the primary purpose. 
Environmental Decision Making A process that incorporates environmental information into traditional 
decision making.  For instance the selection of an option from a suite of 
often competing and contradictory alternatives.  Because of imperfect 
knowledge of complex environmental systems, models are created to 
approximate the system and frameworks are constructed in such a 
manner that allows analysis.  The key issue for environmental decision 
making is to understand what questions need to be answered and to 
identify whether the framework has the requisite information to answer 
those questions. 
Framework A framework is a construct that allows the interrogation of a system in 
terms of risk, cost, benefit and impact.  For instance both environmental 
impact assessment and risk assessment are frameworks that allow the 
interrogation (analysis) of complex systems. 
Greater Sydney Region The Greater Sydney Region is used to define the areas formerly included 
in the Northern, Inner, Southern and Western Sydney Waste Boards.  This 
is done in order to be consistent with the data that is presented in the 
Report of the Alternative Waste Management Technologies and Practices 
Inquiry 2000. 
Industrial Ecology Industrial Ecology is the study of the relationships of industry and their 
surroundings, habits and modes of life.  It is an approach that 
systematically examines local, regional and global materials and energy 
uses and flows in products, processes, industrial sectors and economies in 
order to identify opportunities to utilise waste products as resource inputs. 
Materials Flux Analysis  Materials Flux Analysis (MFA) is a tool that refers to the modelling of 
fluxes of elements within a system.  For example the flow of materials from 
resource extraction to being a “stock” within the economy and then moving 
to an ultimate “sink” or market such as recycling or landfill. 
Model Here “model” is defined as the representation of a system and examples 
of tools that develop models of complex systems in the area of waste 
management include materials flux analysis and industrial ecology.  Life 
cycle assessment is considered to be both a model and a framework. 
 
 Municipal Solid Waste (MSW) Waste materials that are primarily generated from the domestic sector  
and are collected in household garbage, recycling, garden organics and 
Council clean-up collections.  Commercial and Domestic (C&D) and 
Commercial and Industrial (C&I) wastes are not included in MSW. 
Resource Recovery Refers to the utilisation of waste materials that are “recovered” away from 
traditional forms of waste management such as landfill.  This includes 
activities such as reuse, recycling and energy from waste. 
Transformation Flows Refers to the technology that creates a flow of material resulting in a 
transformation of value, either to a negative value (dispose of to landfill) or 
to a positive value (resource recovery).  Examples of transformation flows 
include transport, size reduction, screening and contamination removal . 
Waste Materials that are in the wrong place at the wrong time and hence have no 
further function and/or value. 
Waste Management Grouping term that previously was used to encompass all waste related 
activities, even recycling.  Now there is an emerging preference to use 
“Resource Recovery” instead of “Waste Management “. 
Waste to Energy (WtE) Waste to energy is the process of destroying materials through a 
combustion process and then capturing energy as a by-product of that 
process.  This contrasts in approach to Energy from Waste. 
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1 INTRODUCTION 
What is waste, why is waste a problem that needs to be managed, why consider recovery as opposed to 
disposal and why look to optimise this activity? 
The concept of waste is often a subjective abstraction in that the materials referred to as waste have been 
designated that way because they have no further function to the owner of the materials.  This artificial 
dichotomy between waste and resource is perhaps best summed up in the slogan “There is no such thing 
as waste – only resources in the wrong place and at the wrong time” (WSWB 1998).   
This wrong place/wrong time perspective is evident in the history of waste management where wrong 
place/time materials created serious health issues.  That is why the management of waste began as a 
community health orientated activity of managing the health consequences of wrong time/place materials.   
Now health concerns are no longer the primary driver for waste management.  There is greater emphasis 
on incorporating issues such as Sustainable Development into waste management practices, especially 
into determining the choice of how waste will be utilised.  This is particularly evidenced by the rise in 
recycling of waste materials in Australia during the 1990s, recycling being seen as more sustainable than 
the continuation of using landfill as the solution to manage Society’s waste. 
This concern with the sustainable use of waste materials has progressed to the point where it is widely 
accepted that just because an activity can be labelled as “recycling” does not validate the overall activity as 
sustainable.  That is, the issue is no longer what can be done with the waste, but rather how wastes can be 
optimally recovered as resources. 
This is especially relevant for resource recovery in Australia where the relatively low volumes of material 
that present for management means that decisions made with respect to a resource recovery option have 
the impact of removing an availability of supply from other alternatives.  This forces into sharp relief the 
importance of differentiating between options in order to achieve optimal resource recovery. 
The focus of this thesis is answering the question of “What is the optimal resource recovery option for 
waste?”  A regional focus of the Greater Sydney Region has been selected in order to illustrate the 
practical and theoretical issues that arise when considering decision making in waste management.  Thus 
the focus of this thesis can be phrased as “from all the utilisation options in the Greater Sydney Region that 
are currently available for resource recovery (or that are on the verge of commercialisation), what are the 
characteristics of a decision making process that will determine the optimal option?”  
A resource recovery option requires a supply (generation of waste – the stock), a technology to process 
the waste material into a usable product (transformation flows) and a market for the transformed product 
(sink).  Here “optimal” is referred to as being inclusive of techno-economic, environment and socio-political 
concerns.  It is noted that “optimal” is not an absolute value as these three values (collectively grouped 
under sustainable development) will change over time.   
In many instances communities are bringing pressure to bear (and sometimes stopping the development of 
resource recovery projects) if a proposed solution does not present as “optimal” from their perspective.  
Thus the approach taken in this thesis is to investigate the issue of optimal utilisation from a holistic 
perspective that incorporates public policy issues in addition to commercial realities. 
This is done by firstly examining the context and background to the problem area, then discussing the 
drivers and constraints that influence resource recovery.  The next step involves constructing a model that 
represents the system of waste generation and utilisation and finally examining a suite of options in an 
assessment framework in order to identify the optimal solution. The overall structure of the thesis is 
presented below in Figure 1. 
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Figure 1: Thesis information structure 
Section 2 summarises the background of waste management in the Greater Sydney Region in order to 
provide a context to the current issue of optimal resource recovery.  The development of waste 
management from a local government coordinated activity to a state based approach is traced through to 
the “waste crisis” of the 1990s, a crisis that instigated the formation of the NSW Waste Boards and the 
establishment of sustainable resource management as the dominant paradigm in waste management.  
The dissolution of the NSW Waste Boards is discussed as a precursor to mapping out the current 
responsibilities for waste planning, management and regulation between Federal, State and Local 
Governments.  Section 2 concludes by summarising the purpose and functions of each of the major 
government agencies with respect to their role in the management of waste. 
Section 3 describes the system drivers and constraints that exist regarding optimal recovery of resources.  
Here drivers are defined as the positive pressures that act as incentives for the optimal recovery of 
resources and constraints are divided into techno-economic, environmental and decision making 
constraints.  The section begins by investigating and defining the role that Sustainable Development plays 
in resource recovery and then offers a description of the regulatory framework for waste management, 
investigates the concept of Net Present Highest Resource Value and its role as a goal for waste 
management and interprets current social and political drivers and their impact on defining optimal 
resource recovery.  Techno-economic constraints include technology issues (Maturity, complexity, 
availability and contamination) and economic issues (Income, processing costs, markets), which can be 
quantified with relative certainty.   
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Environmental constraints are described from a regulatory perspective.  These are generally harder to 
quantify than techno-economic issues, introducing higher levels of uncertainty.  For instance, when moving 
outside the measurement of heavy metal concentrations in waste discharges and into estimating impact on 
biodiversity.  Decision making constraints are explored with reference given to the decision making 
process, information synthesis and expertise of decision makers and the need to design a process that 
delivers the requisite information in a form that is beneficial to decision makers.  Section 3 concludes by 
tabulating the drivers and constraints that impact on the drive for optimal resource recovery. 
Section 4 presents the current situation of waste generation and utilisation in the Greater Sydney Region 
(system information) and provides an overview of system models that are available to assist in resource 
recovery problem solving.  The concept of Industrial Ecology is introduced as a conceptual model, around 
which the issues of waste generation and resource recovery can be explored.  Existing waste information 
for the Greater Sydney region is described as a series of material stocks and flows.  This provides an 
assessment of the potential supply of waste.  Attention is then given to the practical issues surrounding the 
transformation of these heterogenous materials (wastes) into homogenous products (resources).  Potential 
sinks for the transformed resources are investigated from a generic perspective.  This provides the context 
to a more detailed analysis of the current and emerging market conditions for these resources in the 
Greater Sydney Region.  Section 4 concludes by summarising the supply of waste materials, the 
transformation process required to create resources from these feedstocks and the existing market 
conditions for these products. 
Section 5 describes the evaluation methodology of resource recovery options as set out in the NSW 
Government’s Inquiry into Alternative Waste Management Technologies and Practices (2000).  This was a 
landmark investigation into waste management technologies and has been used as the starting point for 
current waste management planning and development in NSW (for example the Department of 
Environment and Conservation and local government).  An overview of the objectives of the inquiry is 
provided and a justification for using this as a starting point for the evaluation of resource recovery options 
is given.  The methodology that was used in the Inquiry’s evaluation process and the results that were 
obtained are analysed and assessed, highlighting the positive and negative aspects of the approach.  
Section 5 concludes by summarising the limitations of the original evaluation methodology as used in the 
NSW Government’s Inquiry into Alternative Waste Management Technologies and Practices (2000) and 
the steps that need to be taken to overcome these limitations. 
Section 6 tests a refined approach to resource recovery evaluation, designed to overcome the identified 
limitations described in Section 5.  This refined evaluation methodology is tested by undertaking a case 
study in wood waste.  The question posed here is “what is the optimal resource recovery option for wood 
waste in the Greater Sydney Region”?  A context for wood waste is presented, following the structure of 
the overall document, viz. identifying the drivers and constraints of optimal wood resource recovery and 
assessing wood waste generation and utilisation in the greater Sydney region (supply, transformation and 
markets).  This information is then used to run the refined evaluation model and a sensitivity analysis is 
performed.  Section 6 concludes by summarising the results of the evaluation model and by discussing the 
limitations of the approach taken in the thesis and suggestions for overcoming these shortcomings. 
Section 7 presents an overall conclusion to the issue of identifying the optimal resource recovery option for 
materials in the Greater Sydney Region presenting to landfill for disposal.   
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2 CONTEXT TO THE PROBLEM – RESOURCE RECOVERY AND 
MANAGEMENT IN THE GREATER SYDNEY REGION 
This section presents the background of waste management in the Greater Sydney Region in order to 
provide a context to the current issue of optimal resource recovery. 
Section 2.1 outlines a short history of waste, tracing the development of waste planning and management 
from a local government coordinated activity to a state based approach, culminating in the establishment of 
the Waste Management and Disposal Authority in 1970.  The policies of this organisation are presented in 
Section 2.2 to give an understanding of waste management context from the 1970s to the 1990s. 
Section 2.3 provides an overview of the policy setting at a national level in the early 1990s, namely the 
introduction of a national waste and recycling strategy that instituted and divergence target of 50% of waste 
material from landfill by the year 2000. 
Section 2.4 details the evolution of the Waste Management Authority into the Environment Protection 
Authority (via the State Pollution Control Commission) and Waste Service NSW at the time of the “Waste 
Crisis” in the Greater Sydney Region, providing a backdrop to the establishment of the NSW Waste Boards 
in 1995.  These events are discussed and reference is made to the establishment of sustainable resource 
management as the dominant paradigm in waste management. 
The purpose, function and activities of the NSW Waste Boards and the dissolution of these regional 
groupings of local government is discussed in Section 2.5 in addition to the enactment of the Waste 
Avoidance and Resource Recovery Act of 2001.  Section 2.6 maps out the current responsibilities for 
waste planning, management and regulation, shared between Federal Government (Department of 
Environment and Heritage – formerly Environment Australia), State Government (Department of 
Environment and Conservation (DEC) – Division of Environmental Pollution and Regulation (formerly 
Environment Protection Authority), Waste Service NSW and DEC – Division of Sustainability (formerly 
Resource NSW)) and Local Government1.  Section 2.7 identifies some of the other stakeholders (both 
industry and Non Government Organisations) that are proactive in the waste debate. 
The background to resource recovery in the Greater Sydney Region is concluded in Section 2.9 by 
summarising the purpose and functions of each of the major government agencies with respect to their role 
in the management of waste. 
The aim of this section is to: 
• Identify the current government agencies with responsibilities (key stakeholders) for waste 
planning and management at a federal, state and local level, and 
• Gain an understanding of the historical development of waste issues that provides a wider context 
to the current system drivers and constraints of optimal resource recovery that will be discussed 
further in Section 3. 
 
                                                          
1 There are 39 local councils in the Greater Sydney Region (NSWWB 2001 – see also Appendix 1), this compares to 172 local councils in NSW (LGSA 2003). 
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2.1 A Short History of Waste in New South Wales 
Over 100 years ago, residents of Sydney faced health problems directly associated with poor management 
of both liquid and solid wastes.  This situation was ameliorated through the development of infrastructure to 
manage liquid and solid wastes, which provided basic sanitation for the community (WSWB 1998).  The 
development and management of this infrastructure was the responsibility of councils inside the Sydney 
Metropolitan Waste Disposal Region (SMWDR), as set out in the NSW Local Government Act 1919 
(NSWB 1998).  However, by the late 1960s and early 1970s Sydney faced a crisis when the large number 
of landfills run by local Councils began to fill up and close, some leaving a legacy of high environmental 
impact.  Tipping space in landfills became ever more scarce (WSWB 1998). 
To address this problem the NSW Government commissioned an independent report on the waste 
disposal situation in Sydney.  The “Barton Report” (tabled in Parliament May 1970) concluded that a co-
ordinated authority would have prevented the disposal issues facing Sydney.  The report led to the 
introduction of the Waste Disposal Act later in 1970 and it was under this legislation that the Metropolitan 
Waste Disposal Authority was established (Denlay 1995). 
 
2.2 Waste Policy Setting in the Greater Sydney Region – 1970s to the 1990s 
The Metropolitan Waste Disposal Authority (MWDA) set about ensuring council access to waste disposal 
facilities at the same time as minimising the impact to the environment from these facilities.  The second 
phase of the plan was to provide disposal facilities up until the 1990s.  The activities of the MWDA, 
however, provided little or no incentive to minimise waste with many of the annual reports proudly stating 
that increases in tipping fee use at regional depots were kept below the central price index (Denlay 1995).  
Thus the main policy was on maintaining and developing the technology of landfill. 
The MWDA changed its name to the Waste Management Authority (WMA) in 1989 and as part of providing 
the needed tipping space to support increased levels of disposal to landfill, the WMA lodged development 
applications around a “mega-tip” concept and applied to have current landfill sites extended.  These 
applications met with strong community and local government opposition.  A clear message was delivered 
that the continuation of landfill as standard practice for managing waste was unacceptable (ibid 1995). 
At around the same time the Federal Government released a nationwide initiative for a 50% reduction in 
the amount of waste being disposed of to landfill by the year 2000. 
 
2.3 Federal Government Initiative – 50% Waste Reduction by 2000 
Sydney was not alone in dealing with a shortage in landfill space.  At the end of the 1980s the capacity of 
landfill around Australia was limited to 12 years supply (KESAB 2001).  This pressure, in addition to an 
international trend toward waste minimisation, lead to the development of a national waste minimisation 
strategy. 
This strategy, the National Waste Minimisation and Recycling Strategy, was released  in mid 1992 by the 
Commonwealth Government’s Environment Protection Agency (CEPA – now the Department of 
Environment and Heritage).   
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The strategy set the following key initiatives: 
• A national target of a 50% reduction of waste going to landfill by 2000, 
• Individual material specific targets for recycling as part of a National Kerbside Recycling  
Strategy, and 
• Specific targets for the reduction in the amount of packaging requiring disposal. 
The National Waste Minimisation and Recycling Strategy is generally recognised as the policy that put the 
issue of reducing the amount of waste disposed of to landfill firmly on all of the state’s political agenda. 
 
2.4 The Waste Crisis – establishment of the NSW Waste Boards 
At the time of the release of the National Waste Management Strategy, NSW was changing the structure of 
the state based agencies charged with the policy, operations and regulatory aspects of managing waste. 
For instance the State Pollution Control Commission, set up under the NSW State Pollution Control 
Commission Act 1970, was dissolved and its place, the Environment Protection Authority (now Department 
of Environment and Conservation) was constituted under the Protection of the Environment Administration 
Act 1991.  The Protection of the Environment Administration Act 1991 also dissolved the Waste 
Management Authority of New South Wales, creating in its place the Waste Recycling and Processing 
Service of New South Wales.  This entity continues to trade as Waste Service NSW. 
In addition to many staff being transferred to the NSW EPA from the Waste Management Authority, the 
role of setting policy was also given to the NSW EPA.  This meant that the role of policy maker and 
regulator for waste was held within the same organisation.  With regard to waste the EPA was mandated to 
“encourage” the reduction in material use in addition to the reuse, recycling and material recovery of waste 
materials.  The EPA was also responsible for minimising the creation of waste through appropriate 
technology utilisation within the context of Cleaner Production (NSW Legislature 1991).  Waste Service 
NSW was to function as an operational entity, with some responsibility for planning and management. 
Against this backdrop of organisational change landfill capacity for the Greater Sydney Region was getting 
dangerously low.  In June 1994, after the “Waste Management Green Paper” (September 1992) and a 
“Joint Select Committee upon Waste Management” (September 1993) the then Liberal State Government 
produced its policy statement on waste entitled "No Time to Waste".  This policy outlined that the 
responsibility for waste management would be handed back to local government (Denlay 1995).   
The legislation that enacted the “No Time to Waste” policies in NSW was the 1995 Waste Minimisation & 
Management Act (WMMA).  This act set a target of a 60% reduction in the waste disposed of to landfill 
(based on 1990 figures) by the year 2000, an extra 10% over the national target of a 50% reduction for the  
same timeframe. 
The WMMA also identified the Waste Management Hierarchy (Figure 2) as the framework for considering 
waste management practices in an implied order of preference, directed by the following activities:  
• Avoid the waste generation in the first instance, 
• Reuse whatever materials can be reused, 
• Recycle those unusable materials, and 
• Dispose materials to landfill after all other options are exhausted. 
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Figure 2: The “old” waste management hierarchy (derived from NSW Legislature 1995) 
To oversee the reduction in waste to landfill, local governments were required to organise themselves into 
regional waste management boards.  Eight boards were set up during 1996/97 to cover the Sydney 
Metropolitan Area and areas north around the Hunter and Central coast regions, west around the 
Macarthur region and south to the Illawarra region (Figure 3).  An additional Waste Board for the south 
eastern region of the state was also formed later in 2001 (NSWWB 2001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Location of the NSW Waste Board regions (NSWWB 2001) 
The Waste Boards prepared their own regional waste plan, each with a different strategy to achieve the 
60% reduction in waste to landfill that was required by the year 2000.  One of the different approaches was 
demonstrated in the regional waste plan of the Western Sydney Waste Board (WSWB).  This plan stated 
that there was no such thing as “waste” there were only resources “in the wrong place at the wrong time” 
(WSWB 1998).  The stated purpose of the WSWB  was to make the change to sustainable resource 
management involving a change from a one way flow of materials through the economy to a cyclical flow of 
resource management (see Figure 4). 
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Figure 4: Cyclical flow of resource management envisaged by the Western Sydney Waste Board 
(WSWB 2000) 
 
2.5 Review of the NSW Waste Minimisation and Management Act – the 
“Disestablishment” of the Waste Boards 
It could be argued that the NSW Waste Boards applied the waste management hierarchy as an 
implementation plan to achieve the minimisation of waste disposed of to landfill.  Programs were set up to 
encourage firstly the avoidance of waste, then reuse with recycling activities being a lower priority.  
However, the problem of a hierarchy is that it does not take a systems perspective on the operation and 
interaction of component entities that make up the total system (whether they be geographical, political, an 
industrial sector, or an individual business - Gertsakis and Lewis 2003).  Also in the case of New South 
Wales, energy recovery from waste materials was not considered to be a valid option for resource 
recovery, as is evidenced by its omission from the waste hierarchy adopted in legislation (see Figure 2).  
Also, from a practical perspective, such an approach to waste planning and management resulted in 
duplication of effort as Waste Boards individually created educational campaigns addressing the same 
theme, such as the avoidance of waste to landfill through composting at home. 
In addition to this duplication of effort, the target of a 60% diversion of waste from landfill was not reached 
by the Year 2000, with only a 38% diversion rate being achieved2.  However it is recognised that part of the 
contribution to this situation was the increased quality of waste data that “found” more waste than was 
previously being reported. 
A review of the 1995 Waste Minimisation and Management Act conducted in 2001 by the NSW EPA (now 
DEC) concluded that effective frameworks for collaboration and cooperation across the Waste Board 
regions had not been established by the NSW Waste Boards.  The review also found that the Boards 
lacked expertise in areas needed for effective change in waste management and that there was significant 
confusion regarding the role that the Waste Boards should adopt.  It was additionally noted that the State 
Waste Advisory Council had not provided guidance, strategy or quality advice (NSW EPA 2001a). 
                                                          
2 Derived from data within the Report of the Alternative Waste Management Technologies and Practices Inquiry (Wright et al 2000). 
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Furthermore, the Minister for the Environment, Bob Debus, when introducing the 2001 Waste Avoidance 
and Resource Recovery Act (WARR Act), noted that the old waste management hierarchy did not include 
any of the emerging waste technologies, such as energy from waste, and that it needed to change in order 
to be consistent with the concept of sustainable development (see Section 3.2 for more discussion on the 
WARR Act ).  In the same speech the dissolution of the NSW Waste Boards was announced, to be 
replaced with a single state agency named Resource NSW (Debus 2001). 
The role of Resource NSW and its incorporation into the Department of Environment and Conservation 
(DEC), in addition to other government agencies with waste management responsibilities, is discussed in 
the next section.  
 
2.6 Current Government Agencies with Waste Management Responsibilities 
There are a range of government agencies that have an involvement with the management of waste and 
the recovery of resources.  Operating as the forum for intergovernmental dialogue on the environment is 
the Environment Protection and Heritage Council.  At a federal level, there is the Department of 
Environment and Heritage (formerly Environment Australia).  At a state level, the Division of Environment 
Protection and Regulation (formerly the NSW EPA Operations Division) within the Department of 
Environment and Conservation (DEC) is responsible for waste legislation with the Policy and Science 
Division responsible for waste policy.  Also at a state level, Waste Service NSW is a state owned waste 
facility operator and the Division of Sustainability Programs (formerly Resource NSW) within DEC is 
responsible for waste planning.  At the local level, local government has the responsibility to manage 
Municipal Solid Waste (MSW) collection services, including garbage, recycling and other services such as 
garden organics and the provision of waste education to residents. 
2.6.1 Environment Protection and Heritage Council 
The Environment Protection and Heritage Council (EPHC) was established by the Council of Australian 
Governments in June 2001.  The EPHC incorporates the National Environment Protection Council (NEPC), 
the environmental protection components of the Australian New Zealand Environment and Conservation 
Council (ANZECC) and the Heritage Ministers' Meeting.  However the statutory functions of the NEPC 
(that is, the establishment of national environment protection measures) continue under the umbrella of the 
EPHC (EPHC 2003).  
Members of Environment Protection and Heritage Council are ministers, (not necessarily environmental), 
who are appointed by participating jurisdictions (Australian Commonwealth, State and Territory 
Governments, the New Zealand Government and the Papua New Guinea Government) with an observer 
from the Australian Local Government Association (ibid 2003).   
The EPHC receives advice from the EPH Standing Committee, whose membership comprises the EPHC 
Executive Officer (same as the NEPC Executive Officer) and nominees of each member of the EPHC.  The 
EPHC has identified waste management as one of its priority areas and is committed to “promoting waste 
avoidance and better waste management through national approaches to encourage and ensure product 
stewardship and cleaner production” (ibid 2003).  
The National Environment Protection Council (NEPC) is a statutory body with law making powers that was 
established under the National Environment Protection Council Act 1994.  The NEPC has two primary 
functions.  Firstly to establish National Environment Protection Measures (NEPM) and secondly to assess 
and report on the implementation and effectiveness of NEPMs (NEPC 2003). 
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The membership of the NEPC is similar to that of the EPHC, with the exclusion of Papua New Guinea and 
New Zealand participation.  Thus members of the NEPC are ministers (though not necessarily 
environmental) from the participating commonwealth, state and territory jurisdictions and receive advice 
from the NEPC Committee.  Membership on the advisory committee comprises one nominee from each of 
the Council members (normally a senior official from the environment agency of the commonwealth, state 
or territory) the executive officer of the NEPC Service Corporation and a non-voting observer appointed by 
the President of the Australian Local Government Association (ibid 2003). 
The distinction between the roles of the EPHC and the NEPC is not often clear, with some overlap 
occurring.  Technically the NEPC deals with issues specifically under the National Environment Protection 
Council Act 1994 (all statutory issues) while any other environmental issue of national significance is dealt 
with by the EPHC (non statutory issues).  Issues of concern are investigated by special purpose Working 
Groups that report back to the EPHC/NEPC.  For instance there are working groups on waste related 
issues such as waste oil, waste tyres, electronic products, hazardous waste management capacity, 
industrial waste reuse and recycling, container deposit legislation, end of life vehicles, shredder floc, 
cigarette butt litter, waste to energy and plastic bags (Joy 2003). 
The EPHC and NEPC thus have the potential to set a national agenda for the recovery of certain resource 
streams, bringing increased funding resources and focus to creating solutions.  This could also impact 
local priorities for resource recovery. 
2.6.2 Department of Environment and Heritage (formerly Environment Australia) – Federal 
Government 
The role of the Department of Environment and Heritage (DEH), is to achieve three overall outcomes for 
the Australian Government, namely the protection and conservation of the environment (especially aspects 
that are of national significance), a general advancement through meteorological and related sciences and 
services and an advancement for Australia’s interests in the Antarctic (DEH 2003). 
There are a variety of divisions, statutory authorities and executive agencies that come under the portfolio 
of Environment and Heritage, ranging from the Australian Antarctic Division, the Office of the Renewable 
Energy Regulator and the Australian Greenhouse Office (ibid. 2003). 
The Department of Environment and Heritage also administers federal environmental laws, such as the 
Environment Protection and Biodiversity Conservation (EPBC) Act 1999.  While this Act does not deal 
explicitly with the general issues of waste management (although Volume One does deal specifically with 
radioactive waste and the EPBC 2000 regulation addresses littering of waste in Commonwealth reserves), 
this Act has as one of its objectives the promotion of “ecologically sustainable development through the 
conservation and ecologically sustainable use of natural resources” (Australian Legislature 2003). 
The Department of Environment and Heritage also plays a key role in implementing many of the policy 
decisions made by the EPHC and the NEPC.  For instance, the national packaging covenant, scheduled 
waste management, waste oil recycling, and general waste and recycling.  Hence it is likely that DEH 
would be the national agency taking the lead on priority resource recovery issues.  This creates the 
potential to have a consistent approach across the states and territories, hopefully improving the efficiency 
of government initiatives.  
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2.6.3 Department of Environment and Conservation (formerly Environment Protection Authority) 
– NSW State Government 
The New South Wales Environment Protection Authority (EPA) was established in 1992 under the NSW 
Protection of the Environment Administration Act 1991 and was the primary NSW public sector 
organisation responsible for protecting the environment.  The two principle objectives of the NSW EPA 
were firstly to protect, restore and enhance the quality of the environment in NSW in a manner consistent 
with the concepts of ecologically sustainable development and secondly, to reduce human health risks and 
prevent environmental degradation.  The NSW EPA undertook the delivery of these objectives with a mix 
of policy and regulatory activities (NSW EPA 2003).  
The NSW EPA administered the 1997 Protection of the Environment Operations Act and associated 
regulations.  Under this Act the EPA set licence conditions for scheduled facilities (including waste and 
recycling facilities of a certain size), collected the Section 88 Contributions (the landfill levy/tax) and was 
responsible for creating Protection of the Environment Policies (PEPs) that gave guidance on managing 
environmental issues (ibid 2003). 
On 14 September 2003, the NSW Environment Minister Bob Debus announced the formation of a new 
“super department” named the Department of Environment and Conservation (DEC).  DEC involves the 
incorporation of the Environment Protection Authority, Resource NSW, NSW Parks and Wildlife Services 
and the Royal Botanic Gardens.  The Department is structured into five main divisions.  The Environment 
Protection & Regulation Division has taken over the EPA’s operational activities.  Policy making is now 
under the control of the Policy and Science Division while the Sustainability Programs Division has taken 
on all of Resource NSW’s previous work.  The NSW Parks and Wildlife Services are a self contained Parks 
Service Division as is the case with the Royal Botanic Gardens and Domain Trust (Debus 2003). 
This means that while previously the NSW EPA administered the Waste Avoidance and Resource 
Recovery Act 2001 and was committed to working with Resource NSW to undertake activities that would 
achieve the objectives of the waste strategy developed by Resource NSW (NSW Legislature 2002), the 
current situation is one where all of these activities occur in-house within the DEC. 
The Department of Environment and Conservation arguably has the largest potential to influence resource 
recovery activities in the Greater Sydney Region as it has the responsibility for policy setting, legislation 
and regulation, in addition to the planning and management of resource recovery. 
2.6.4 Waste Service - NSW State Government 
Waste Service NSW started as the Waste Recycling and Processing Service in the 1970s, trading initially 
as the Metropolitan Waste Disposal Authority and then as the Waste Management Authority before 
changing names to Waste Service NSW in the 1990s.  Currently Waste Service NSW is a statutory State 
Owned Corporation (SOC) that was incorporated under the Waste Recycling and Processing Corporation 
Act 2001.  Waste Service NSW is the operational arm of waste management for the NSW Government and 
as such provides recycling (materials recovery facilities), waste transfer stations and engineered landfill 
infrastructure, in addition to a liquid waste plant.  These facilities service much of the Greater Sydney 
Region (Waste Service NSW 2003). 
A recent initiative of Waste Service NSW has been the establishment of an alternative waste technology at 
their Eastern Creek landfill facility.  This initiative is in partnership with Global Renewables Limited and is 
called “UR-3R”.  Operation is planned to commence late in 2004 and the facility will accept 175,000 tonnes 
of mixed Municipal Solid Waste, utilising a form of anaerobic digestion to make both methane for electricity 
generation  (17 gigawatt hours annually) and also a digestate suitable for a horticultural application (60,000 
tonnes of compost products annually - ibid 2003). 
Waste Service NSW is in a position to be the instigator of resource recovery projects (such as the UR-3R), 
however may also act in competition for resources with other projects. 
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2.6.5 Department of Environment and Conservation (formerly Resource NSW) - NSW State 
Government  
Resource NSW was established under the Waste Avoidance and Resource Recovery (WARR) Act 2001 
as the replacement to the NSW Waste Boards.  The purpose of Resource NSW was to develop and 
implement programs that will achieve the NSW Government’s targets with respect to resource recovery.  
For instance to address resource conservation and waste reduction, develop markets for recovered 
resources, control litter and illegal dumping and provide education and information dissemination services 
(Resource NSW 2003a).  
To this end Resource NSW released the Waste Avoidance and Resource Recovery Strategy (2003b) 
nearly two years after Resource NSW was established.  The strategy outlines in a very general sense the 
approach to be taken to waste avoidance and resource recovery, represented in the figure below that 
displays Resource NSW’s interpretation of the waste management hierarchy of the Waste Avoidance and 
Resource Recovery Act. 
 
 
 
 
 
 
 
 
 
 
Figure 5: Resource NSW (2003b) interpretation of the waste management hierarchy of the Waste 
Avoidance and Resource Recovery Act 2001. 
The Resource NSW strategy also adopted the “aggressive scenario” targets for the diversion of waste to 
landfill set by the Alternative Waste Management Technologies and Practices Inquiry.  This involves 
achieving by the year 2014 an increase in the material recovery rates in municipal solid waste from 26% to 
66%, in commercial and industrial waste from 28% to 63% and in construction and demolition waste from 
65% to 76% (relative to the total amount of waste generated in each waste stream).  The Strategy also 
involved improvements through infrastructure, technologies and systems and intended to use the Inquiry 
report to guide development of programs in these areas (Resource NSW 2003b).  However, it could be 
argued that this represents a 14 year extension on the policy of meeting a “60%” reduction of waste to 
landfill by the year 2000. 
As was noted above, the role of Resource NSW has been subsumed into the NSW Department of 
Environment and Conservation, specifically the Sustainability Programs Division.  This Division will 
continue the implementation of the Waste Avoidance and Resource Recovery Strategy, which gives a 
current context to resource recovery activities.  
 Optimal Recovery of Resources: A Case Study of Wood Waste in the Greater Sydney Region 
Page No. 13 of 132 Matthew Warnken 
2.6.6 Local Government  
There are 39 local councils in the Greater Sydney Region (here the Greater Sydney Region is used to 
define the areas formerly included in the Northern, Inner, Southern and Western Sydney Waste Boards3).  
The approximate population of this area is 4.5 million (AWMPTI 2000).  A list of the local councils located 
in this area is included as Appendix 1. 
Local Government has the responsibility of providing waste management services to residents.  Usually 
these services take the form of a weekly household garbage collection and a fortnightly recycling 
collection.  Some councils have also introduced a garden organics fortnightly collection service.  The cost 
of these services is borne by residents through their rate charges.   
Councils are also responsible for the provision of educational resources to assist their residents to 
maximise the use of recycling services.  Usually these take the form of a brochure detailing what can and 
can not be put into the recycling collection service.  However, the provision of information can also extend 
to encouraging composting, worm farming and smart shopping/cleaning (avoiding waste and unnecessary 
chemical use, for instance, see Blacktown City Council 2003). 
In the greater context of resource recovery local government is the “gatekeeper” of Municipal Solid Waste 
in that they control access to the potential resource.  This has implications for resource security that is 
required for alternative technologies to landfill. 
Furthermore, local government gives planning approval for resource recovery projects, unless they are 
deemed to be of state significance, in which case the  Department of Infrastructure, Planning and Natural 
Resources (formerly Planning NSW) makes the approval decision.  From a resource recovery perspective, 
local government has a key role to play in that they are responsible for operations, education, resource 
security and planning assessment and control. 
 
2.7 Other Stakeholders – Industry and Non Government 
There are also a range of other organisations, both industry and non-government, that are active in the 
waste debate.  These are outlined in the sections below. 
2.7.1 Waste Management Association of Australia 
The Waste Management Association of Australia is the peak body for the waste management industry with 
over 1,000 members across Australia.  The association runs a number of national divisions, for example 
Compost Australia and Energy from Waste, in addition to technical committees on organics processing, 
construction and demolition sorting, hazardous waste and landfill.  Additionally there are state based 
working groups on issues ranging from waste education to waste avoidance (WMAA 2003). 
The Association aims to assist in the transformation of the waste management industry to an integrated 
resource management industry (ibid 2003).  One project that addressed some of the key aspects of 
resource recovery was the Energy from Waste Sustainability Project, a national initiative that received 
funding through the Australian Greenhouse Office and sought to guide the development of energy from 
waste activities within the context of sustainable development (WMAA 2002).   
Perhaps the most important function of the Association is the representational activities they undertake on 
behalf of their members.  It is these members who are the collectors, processors, recyclers and landfillers 
of the potential resources available for recovery, the “doers” of resource recovery.  
                                                          
3 This is done in order to be consistent with the data that is presented in the Report of the Alternative Waste Management Technologies and Practices Inquiry 2000 
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2.7.2 Total Environment Centre 
Total Environment Centre (TEC) is an environmental non-governmental organisation, established in 1972 
that aims to defend the environment through a mix of advocacy and community action (TEC 2003a).  TEC 
also established the Green Capital, a program that aims to establish a link between industry and the 
environmental movement to advance issues such as waste management, amongst others (TEC 2003b). 
The director of TEC, Mr Jeff Angel, was also a member of the advisory board to Resource NSW (Resource 
NSW 2003) and sat on the Working Group of the Energy from Waste Sustainability Project, run by the 
Waste Management Association of Australia (WMAA 2002). 
The NGO sector in general (and TEC in particular) play an important part in the public policy debate on 
resource recovery, being involved with issues such as extended producer responsibility.  However, the fact 
that landfill is not desired as a waste management technology does not mean that alternatives will gain 
widespread acceptance.  As the self-nominated spokespeople for the community, NGOs impact resource 
recovery projects through campaigning either for or against a project. 
2.7.3 Nature Conservation Council – the Waste Crisis Network 
The Nature Conservation Council (NCC) of NSW is an umbrella organisation for 130 conservation and 
environment groups in New South Wales.  One of the activities that the NCC operates is the Zero Waste 
Network (formerly the Waste Crisis Network).   
The Zero Waste Network advocates a position of zero waste generation and zero waste disposal and to 
this end are active in lobbying government to adopt this policy.  The Zero Waste Network also provide 
“Disposal Opposal” by providing campaign assistance to community groups involved in disputing large 
scale landfill, transfer station and waste to energy proposals (NCC 2001).  The NCC is thus a good 
example of an NGO that will actively campaign against resource recovery projects involving energy 
recovery (Greenpeace 2003 has a similar position). 
 
2.8 Summary and Conclusion of the Context to the Problem of Resource recovery in the 
Greater Sydney Region 
This section has presented an overview of the historical development of waste as an issue, from waste as 
a health management problem to the present day attempts to make waste into a resource by transforming 
wrong time/place wastes into right time/place resources. 
The policy setting of waste was also examined, identifying the development of the waste management 
hierarchy, the establishment of waste reduction targets and the creation of special purpose government 
bodies to oversee the planning and management of waste as a resource. 
The roles of the various players in waste decision making were also reviewed, in addition to some of the 
environmental non-government organisations.  This provided an insight into the potential difficulties in 
achieving optimal resource recovery, namely a lack of a national approach, a split at a state government 
level between waste policy setters, regulators, planners, managers and operators in addition to the fact 
that resource security (for municipal solid waste) resides with 39 separate councils.   
The issue of resource recovery is thus characterised, in a general sense, by constant organisational 
change at a government level, by missed targets and by large shifts in policy direction with an often 
confusing allocation of responsibilities between federal, state and local jurisdictions.  The following table 
characterises the current roles and responsibilities of each of those government agencies. 
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Table 1: Summary of current waste related government agencies that influence resource recovery 
in the Greater Sydney Region 
Agency Type Purpose Resource Recovery Related Activities 
The Environment 
Protection and 
Heritage Council 
(EPHC) 
Combined 
Governments 
(including Papua 
New Guinea and 
New Zealand) 
National environment protection 
and heritage (natural, historic 
and indigenous heritage) 
responsibilities 
Identified waste management as 
priority area.  Is committed to 
“promoting waste avoidance and 
better waste management” 
National 
Environment 
Protection Council 
(NEPC) 
Combined 
Governments 
(Australian only) 
Establish National Environment 
Protection Measures (NEPM) 
and assess implementation and 
effectiveness  
Developed NEPM for used 
packaging materials  
Department of 
Environment and 
Heritage (formerly 
Environment 
Australia) 
Federal 
Government 
Protection and conservation of 
the environment (especially 
aspects that are of national 
significance) 
Involved in implementing policy 
decisions made by the EPHC and 
the NEPC.  For instance, the 
national packaging covenant, 
scheduled waste management, 
waste oil recycling, and general 
waste and recycling 
NSW 
Environment 
Protection 
Authority – now 
Department of 
Environment and 
Conservation 
State Government Protect, restore and enhance 
the quality of the environment in 
NSW, reduce human health 
risks and prevent environmental 
degradation 
Policy setting, licensing of waste 
facilities, developing programs for 
Extended Producer Responsibility 
and administering NSW’s 
environmental legislation 
Waste Service 
NSW 
State Government State owned corporation that is 
the operational arm of the 
government 
Provide recycling (materials 
recovery facilities), waste transfer 
stations and engineered landfill 
infrastructure, in addition to a liquid 
waste plant 
Resource NSW - 
now Department 
of Environment 
and Conservation 
State Government Develop and implement 
programs that will achieve the 
NSW Government’s targets with 
respect to resource recovery 
Released the Waste Avoidance and 
Resource Recovery Strategy – 
developing range of programs to 
implement strategy of delayed 
“60%” reduction by 2014 
Local Government 
of NSW 
Local Government Provide waste management 
services to residents (amongst 
a suite of other local 
government responsibilities 
such as planning approval) and 
also has resource security to 
offer for new projects 
Provide garbage, recycling and 
garden organics (in some council 
areas) collection services in 
addition to educational resources 
on service use and encouraging 
activities such as composting, worm 
farming and smart shopping/ 
cleaning (avoiding waste and 
unnecessary chemical use) 
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3 SYSTEM DRIVERS AND CONSTRAINTS FOR OPTIMAL RESOURCE 
RECOVERY 
The previous section (Section 2) provided a broad background to the issues of resource recovery in the 
Greater Sydney Region by tracing the development of resource recovery as an issue and profiling the 
respective government players.  This section (Section 3) aims to examine resource recovery in closer 
detail and thus identify and qualify the drivers and constraints that are related to optimal resource recovery 
in the Greater Sydney Region. 
Here drivers are defined as the positive pressures that act as incentives for the optimal utilisation of waste.  
Constraints are defined as negative pressures that act to set limits either in a physical fashion, for example 
technology capability, or in a management fashion, for example the nature and role of decision makers; or 
in a societal context, for example community opposition.   
Sustainable Development (SD) has become the major policy driver for waste management.  While 
economic rationalism may be seen to be the ultimate determinant of the viability of an activity, SD is 
receiving more attention, especially with regard to the setting of public policy.  (Note that economic 
considerations are treated here as a constraint and are discussed in Section 3.7).  Section 3.1 outlines the 
development of SD from an international perspective in order to give context to the local understanding 
and application of SD in relation to optimal resource recovery in the context of waste management.   
Section 3.2 presents the legislative regulatory framework for waste management in the Greater Sydney 
Region.  Consideration is also given to legislation that is not directly waste focussed, but serves to 
influence the utilisation of some waste materials.  For example, greenhouse gas considerations and the 
national mandatory renewable energy target. 
The preservation of “highest resource value” as a concept for selecting resource recovery options is 
investigated in Section 3.3.  This concept is receiving much promotion from public and private institutions 
and thus is discussed as a driver in its own right. 
Section 3.4 and 3.5 identify many of the social and political drivers respectively that are current and 
influence the utilisation of waste materials.  These are presented from a general community concern and 
preference perspective in addition to looking at political issues such as extended producer responsibility.  
The role of stakeholder consultation in eliciting these drivers is also examined. 
Technology issues such as the maturity, complexity and availability of technology types are discussed in 
Section 3.6.  Energy from waste technologies are used by way of illustration.  Other technical issues that 
arise from the nature of waste generation such as contamination of waste and collection and aggregation 
of waste materials (logistics) are described in order to gain an appreciation of the practical constraints that 
exist with resource recovery. 
Section 3.7 presents the economic considerations that constrain resource recovery activities.  These 
include income from gate fees, costs associated with processing waste (transforming) into a product and 
the market situation.  Final attention is given to the issue of externalities and efforts that are made to 
incorporate these externalities into monetary costs. 
Environmental constraints are discussed in Section 3.8 from a general perspective.  Environmental 
impacts such as emissions to air, emissions to water and emissions to land are discussed from a resource 
recovery perspective.  Section 3.9 examines decision making constraints and their relationship to 
influencing decisions on optimal resource recovery.  The nature of decision making is discussed, with 
reference given to the decision making process, expertise of decision makers and legislative uncertainty. 
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The issues that act as system drivers and constraints of optimal utilisation of waste are summarised in 
Section 3.10 and are presented in a table format. 
The aim of Section 3 is to: 
• Define Sustainable Development and understand the impact it has on the push for optimal 
resource recovery, 
• Describe the legislative and regulatory framework and the pressures that are brought to bear on 
waste management in addition to understanding some of the broader legislative issues and their 
impact on optimal waste management, 
• Present the concept of “Net Present Highest Resource Value” and understand the merits and 
limitations of such a concept, 
• Assess the social and political landscape and the issues that shape community concerns and 
public policy responses, 
• Provide an understanding of the generic forces at work influencing the concept and application of 
optimal resource recovery, 
• Describe technical issues and practical considerations of resource recovery that impact on 
achieving optimal outcomes, 
• Understand the “commercial realities” facing resource recovery projects, 
• Explore the potential environmental impacts of resource recovery options, 
• Investigate the role and nature of decision making and the issues that can constrain the achieving 
of optimal outcomes, and 
• Gain an overall appreciation of the factors that act to drive and constrain resource recovery. 
 
3.1 Sustainable Development 
Sustainable Development (SD) is treated as a driver as it provides much of the push in the development of 
public policy around the issue of optimal resource recovery.  The concept of SD has been adopted in most 
developed countries as a solution to environmental and social problems caused by past developments that 
are now perceived as undermining the sustainability of future societies.   
The concepts of sustainability and sustainable development may be interpreted in different ways, but the 
most frequently quoted definition of sustainable development comes from the report entitled Our Common 
Future, otherwise known as the Brundtland Report (WCED 1987).  This definition suggests that: 
"Sustainable development is development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs." 
Sustainable development thus focuses on improving the quality of life for earth's inhabitants, without 
increasing the use of natural resources beyond the capacity of the environment to supply them indefinitely.   
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Many organisations have sought to establish operating principles to guide development onto a more 
sustainable pathway.  For example, the World Conservation Union (IUCN), the United Nations 
Environment Programme (UNEP) and the World Wide Fund for Nature (WWF) who developed “Caring for 
the Earth, A strategy for Sustainable Living” (IUCN, UNEP, and WWF 1991).  Others also include an 
international group of environmental impact measurement practitioners and researchers from five 
continents who developed the “Bellagio Principles” (Hardi and Zdan (eds.) 1997) and Dr. Karl-Henrik 
Robèrt, who founded the Natural Step and developed “The Four System Conditions” (TNS 2003). 
One of the developments to have had a notable effect on Australia has been the 1992 United Nations 
Conference on Environment and Development (the 'Earth Summit'), which produced the “Rio Declaration 
on Environment and Development” (UNCED 1992).  This formed the basis of Australia’s “National Strategy 
for Ecologically Sustainable Development”.  Both the Rio Declaration and Australia’s ESD strategy are 
further detailed in the sections below. 
3.1.1 Rio Declaration on Environment and Development 
In June 1992 the United Nations Conference on Environment and Development (UNCED - the 'Earth 
Summit'), was held in Rio de Janeiro.  Government representatives from 178 countries attended.  The 
outcomes of this conference included the Rio Declaration on Environment and Development which is a 
statement of 27 principles (see Appendix 2) upon which signatory nations (including Australia - EA 1992) 
have agreed to base their actions in dealing with environment and development issues.   
A review of the principles (UNCED 1992) highlights the following principles and issues that relate to 
resource recovery in general (see Appendix 2 for the complete list of 27 principles): 
• Principle 4:  This principle states that environmental protection is an integral part of the 
development process.  Therefore it is unacceptable for any waste management or resource 
recovery option to adversely impact the environment. 
• Principle 8:  This principle calls for the elimination of unsustainable patterns of production and 
consumption.  It can be argued that a one way flow of resources through the economy to reside in 
landfill is an unsustainable pattern of production and consumption.  Hence resource recovery is 
an essential element in the path to sustainable development.  
• Principle 9:  In this principle the development and enhancement of new and innovative 
technologies to assist in the change of sustainable development are encouraged.  In this regard, 
there should be support for new and better methods for recovering resources from erstwhile 
“wastes”. 
• Principle 10:  This principle is concerned with ensuring public participation in dealing with 
environmental issues.  This has a number of implications for resource recovery, such as ensuring 
community consultation (as opposed to inculcation) on planned resource recovery projects, 
providing “independent” education to stakeholders to facilitate understanding and to be 
accountable and transparent in the provision of information resources. 
• Principle 16:  This principle stresses the importance of the internalisation of environmental costs.  
This acts in two ways with resource recovery initiatives.  Firstly to ensure that landfill charges 
include the “true” cost that reflects an internalisation into gate fee structure of issues such as post 
closure rehabilitation of landfill, and secondly a challenge for resource recovery activities to 
adequately account for the environmental impact that they will have. 
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• Principle 17: This principle presents the need for an environmental impact assessment for any 
activities that are likely to have an adverse impact on the environment.  While it could be argued 
that any resource activity will have a benefit for the local environment (arising from a reduced 
need for landfill), it is also true that some resource recovery options, such as energy recovery, 
have a large number of public concerns.  In these instances it is necessary to demonstrate that 
environmental impacts can be controlled and contained over the life of the project.   
3.1.2 Australia’s National Strategy for Ecologically Sustainable Development 
Australia’s National Strategy for Ecologically Sustainable Development (ESD) aims to provide strategic 
directions and a framework for government to direct policy and decision-making.  The Commonwealth’s 
1992 definition of ESD was: 
“A pattern of development that improves the total quality of life both now and in the future, in a way that 
maintains the ecological processes on which life depends” (NSESD 1992). 
This strategy had 3 core objectives: 
1. To enhance individual and community well-being and welfare by following a path of economic 
development that safeguards the welfare of future generations, 
2. To provide for equity within and between generations (intra-generational and inter-generational 
equity), and 
3. To protect biological diversity and maintain essential ecological processes and life support 
systems. 
Seven guiding principles for achieving these objectives were proposed (ibid 1992): 
• Decision making processes should effectively integrate both long and short-term economic, 
environmental, social and equity considerations (cf. Principle 4 of the Rio Declaration), 
• Where there are threats of serious or irreversible environmental damage, lack of full scientific 
certainty should not be used as a reason for postponing measures to prevent environmental 
degradation (cf. Principle 15 of the Rio Declaration), 
• The global dimension of environmental impacts of actions and policies should be recognised and 
considered (cf. Principle 7 of the Rio Declaration), 
• The need to develop a strong, growing and diversified economy that can enhance the capacity for 
environmental protection should be recognised (cf. Principle 2 of the Rio Declaration), 
• The need to maintain and enhance international competitiveness in an environmentally sound 
manner should be recognised (cf. Principle 12 of the Rio Declaration), 
• Cost effective and flexible policy instruments should be adopted, such as improved valuation, 
pricing and incentive mechanisms (cf. Principle 16 of the Rio Declaration), and 
• Decisions and actions should provide for broad community involvement on issues that affect them 
(cf. Principle 10 of the Rio Declaration). 
It is identified in the strategy that the guiding principles and core objectives need to be considered in their 
entirety, and that no objective or principle should dominate over the others.   
With specific regard to resource recovery, objective 19.1 of the strategy is “to improve the efficiency of 
resource use and reduce the impact on the environment of waste disposal”.  Optimal resource recovery 
would thus result in an improved efficiency or resource use outcome, in addition to providing a reduction on 
the impact of the environment as measured against the previous method of waste management. 
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At a local level, Section 6 (2) of the Protection of the Environment Administration Act 1991 in NSW 
(amended 2001), echoes the National Strategy by entrenching ESD as a goal for development, which 
effectively integrates economic and environmental considerations in decision making processes, whilst 
taking account of: 
• The precautionary principle that if there is the potential for significant environmental damage, a 
lack of scientific certainty should not postpone prevention measures, 
• Inter-generational equity, the principle that this generation should ensure that the quality of the 
environment is maintained or enhanced for future generations, 
• Conservation of biological diversity and ecological integrity, and 
• Improved valuation and pricing of environmental resources. 
The impacts of sustainable development on resource recovery and management are discussed below. 
3.1.3 Impacts on Resource recovery and Management under an SD Framework 
The discussion in the above sections presents some additional important challenges to the notion of 
optimal resource recovery, namely: 
• How do emerging technologies fit into the precautionary principle? 
• Is disposal to landfill set as the benchmark against which the health, diversity and productivity of 
the environment under alternative resource recovery options is measured for their impact on 
future generations? 
• Does the prevention of environmental deterioration equate to conservation of biological diversity 
and ecological integrity? and 
• How are environmental resources valued and does this serve to create a commercial 
disadvantage for alternative utilisation options if the status quo does not have any pressures to 
internalise externalities? 
These questions are problematic in that Sustainable Development, while providing a driver for the 
development of optimal resource recovery activities (for example, objective 19.1 of the National Strategy, 
and Principle 9 of the Rio Declaration), may also act to constrain innovation under the “precautionary 
principle”.  Furthermore Sustainable Development may also make it difficult to commercialise new 
technologies if competition from status quo operations are gaining a “free ride” with regard to 
environmental impact (for example, landfill not paying the true cost of closure and maintenance and thus 
maintaining a strong economic advantage over other alternatives). 
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3.2 Current Legislative and Regulatory Framework 
Within New South Wales there are a number of related acts and regulations that impact resource recovery 
both as drivers and constraints.  These are all state based legislation as waste regulation and 
management is a state issue with the exception of the following national Acts4: 
• Nuclear waste - Environment Protection and Biodiversity Conservation Act 1999, 
• Waste Oil - Product Stewardship (Oil) Act 2000, 
• Hazardous waste (Australia is a signatory to the Basel Convention 5 ) - Hazardous Waste 
(Regulation of Exports and Imports) Act 1989, 
• Waste packaging materials (consumer packaging and household paper) - Used Packaging 
Materials National Environment Protection Measure 1999 as part of a government commitment to 
the voluntary National Packaging Covenant, and 
• Renewable Energy (Electricity) Act 2000 – this act set a minimum target for renewable electricity 
generation and has listed wood waste and municipal solid waste as eligible fuel sources for 
renewable electricity generation (see section 3.2.7 for more information). 
The following list provides an overview of the state based legislation, regulations and guidelines that impact 
on resource recovery. 
• Protection of the Environment Operations Act 1997, 
• Control of Burning Regulation 2000, 
• Protection of the Environment Operations (General) Amendment (Burning of Bio-Material) 
Regulation 2003, 
• Environmental Guidelines: Assessment, Classification & Management of Liquid & Non-liquid 
Wastes, 
• Waste Avoidance and Resource Recovery Act 2001, 
• Electricity Supply Amendment (Greenhouse Gas Emission Reduction) Act 2002, 
This legislation is described in greater detail below. 
3.2.1 NSW Protection of the Environment Operations Act 1997 
The Protection of the Environment Operations Act 1997 is the main environmental protection legislation in 
NSW.  Broadly put, its objective is to “protect, restore and enhance the quality of the environment in New 
South Wales, having regard to the need to maintain ecologically sustainable development”.  The Act also 
defines activities for the Department of Environment and Conservation (DEC)6, establishes the licensing 
requirements for waste and recycling facilities and assists in the achievement of the objectives of the 
Waste Avoidance and Resource Recovery Act 2001 (NSW Legislature 2002). 
In Schedule 1 of the POEO Act 1997 (Schedule of DEC-licensed activities), the criteria for establishing 
whether a facility needs to have an environment protection license are outlined.  Specifically the types of 
waste, the amount of materials processed and the industrial activity that is undertaken. 
                                                          
4  These acts were identified through a search of Australian Commonwealth Acts hosted by the Attorney General’s Department, accessible at 
http://scaleplus.law.gov.au/html/pasteact/browse/TOC.htm. 
5 The Basel Convention is an international convention on the transport of hazardous wastes. 
6 The NSW EPA was subsumed into the Department of the Environment and Conservation in the latter half of 2003. 
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In regard to resource recovery, an operation needs to be licensed if it is processing in excess of 30,000 
tonnes of material a year (“Waste Facilities” (1) (d) of the Schedule).  This is compared to a requirement for 
licensing of any landfill operation that receives in excess of 5,000 tonnes per year (“Waste Facilities” (1) (h) 
of the Schedule).   
There are also exceptions that reduce the limits for resource recovery based on material type.  For 
instance, a tyre recovery facility that treats or processes more than 5,000 tonnes per year of waste tyres, 
or stores such tyres in quantities of more than 50 tonnes, would be required to be a licensed waste facility 
(“Waste Facilities” (1) (c) of the Schedule). 
Furthermore the conditions of being a licensed incinerator are also given.  Essentially any facility that 
thermally processes the following amounts and types of materials must also be licensed as a waste facility 
(“Waste Facilities” (1) (e) of the Schedule). 
• any quantity of chemical waste, or 
• any quantity of cytotoxic waste, or 
• more than 25 tonnes per year of clinical waste, or 
• more than 25 tonnes per year of quarantine waste, or 
• more than 1 tonne per hour of any other type of waste. 
This raises the issue that the recovery of energy from waste sourced materials could be viewed as 
incineration by the NSW DEC.  (This issue of incineration versus resource recovery is also discussed 
under Section 3.2.4 Environmental Guidelines: Assessment, Classification & Management of Liquid &  
Non-liquid Wastes). 
A compounding issue in the waste/incineration versus resource recovery debate is that of Section 88 
contributions made by licensees of waste facilities.  This section of the Act requires the payment of $19.80 
per tonne of material that is disposed of to a licensed waste facility (rising to the 2001 equivalent of $25 in 
2009, estimated to be $28.20).  To date, this charge has only applied to landfill and was intended to 
support recycling activities in that recycling is exempt from the levy and thus (theoretically) can offer a 
discounted gate fee to attract feedstock material.  However it is not known if the DEC would require the 
payment of  section 88 contributions from an energy recovery activity.   
3.2.2 Control of Burning Regulation 2000 
The Control of Burning Regulation 2000 was made under the Protection of the Environment Operations Act 
1997 and is intended to address the general issues of burning by obligating the prevention or minimisation  
of pollution. 
Under Part 2 of the Regulationit is prohibited to burn certain articles in the open, or in an incinerator that is 
not licensed under the Act (POEO).  The prohibited articles listed in the regulation are: 
• Tyres, 
• Coated wire, 
• Paint containers and residues, 
• Solvent containers and residues, and 
• Timber treated with copper chromium arsenic (CCA) or pentachlorophenol (PCP). 
There are obvious implications for any energy recovery option that deals with the above materials, or has 
them as potential components of the fuel feedstock. 
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3.2.3 Protection of the Environment Operations (General) Amendment (Burning of Bio-Material) 
Regulation 2003 
Other legislation in New South Wales restricting the opportunities for energy from waste technologies 
includes the Protection of the Environment Operations (General) Amendment (Burning of Bio-Material) 
Regulation 2003.  This regulation seeks to prohibit the use of Australian native trees as fuel in electricity 
generating plants with a capacity of 200 kilowatts or more. 
Its formulation was influenced by the NSW Premier Bob Carr as is evidenced by a speech to the 
Sustainable Corporation Conference organised by Green Capital on Thursday 29 August 2002. 
“Today, I'm proud to announce a further step in the sustainability of our timber industry: − 
timber residues from native forests will no longer be burnt for power generation.  No 
stand-alone native forest biomass power plants will be permitted in New South Wales.  
This will reduce pressure to log native forests for residues while allowing power generators 
to source wood from planted forests.  Forest residues – tree stumps, branches, sawmill 
waste and shavings will be left on the forest floor – a win for biodiversity” (Carr 2002). 
On closer examination of the new Chapter 3B (Burning of bio-material in electricity generating works) in the 
Protection of the Environment Operations (General) Regulation 1998, the restriction applies to the use of 
“native forest bio material”.  This definition does not include sawdust or other sawmill waste as it stands, 
leaving open the opportunity to utilise sawmill residues for energy generation.   
Arguably what is demonstrated by the native forest issue is that technical feasibility is not the only criterion 
that is critical to establishing a viable recovery operation.  Rather, environmental-NGO stakeholder groups 
yield a great deal of influence in their lobbying around political issues and can constrain some resource 
recovery opportunities while promoting others.  
3.2.4 Environmental Guidelines: Assessment, Classification & Management of Liquid & Non-
liquid Wastes 
The Environmental Guidelines: Assessment, Classification & Management of Liquid & Non-liquid Wastes 
were produced by the New South Wales Environment Protection Authority in 1999 (now DEC) in order to 
provide guidance as to who was legally responsible for aspects related to waste management.  Part of that 
guidance involved identifying three major issues to be addressed in any resource recovery proposal 
(Section 4.8.2 NSW EPA 1999): 
1. “That the use of a waste should provide measurable benefits to the environment, such as the 
conservation of natural resources"; 
2. "That cost effective higher order uses of the waste according to the Waste Management Hierarchy 
are not available"; and 
3. "That the single or repeated use of the waste in the manner proposed will not result in either 
immediate, delayed or cumulative damage to the local or overall environment.” 
The difficulty that energy recovery poses under the NSW regulatory framework was highlighted earlier in 
Section 3.2.1.  Because of this confusion, the NSW DEC was expected to produce a draft Protection of the 
Environment Policy on Energy from Waste.  It is likely that such a policy would have additional 
requirements for project proposals regarding energy recovery from materials that would have otherwise 
been disposed of to landfill (NSW EPA 2001b).  To date however, this policy has not been released.   
Furthermore, the waste management hierarchy referred to in point (2) of the environmental guidelines 
above changed dramatically under the Waste Avoidance and Resource and Recovery Act 2001.  
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3.2.5 Waste Avoidance and Resource Recovery Act 2001 
Rather than defining a hierarchy of preferred waste management practices, the Waste Avoidance and 
Resource Recovery Act 2001 (WARRA) supports those practices which offer the most efficient use of 
resources and which minimise environmental harm.  This new structure is depicted in Figure 6.   
 
 
 
 
 
 
 
 
Figure 6 – Waste management hierarchy derived from the Waste Avoidance and Resource 
Recovery Act 2001  
There were two significant changes associated with the new hierarchy.  The first being that energy 
recovery qualifies as a bona fide alternative to landfill.  The avoidance of unnecessary resource 
consumption and waste generation is still at the top of the hierarchy and is followed by resource recovery, 
which has been expanded to include energy recovery in addition to reuse, reprocessing and recycling.  The 
second change concerns using resource efficiency to differentiate between options of resource recovery.  
The preferred option for a waste material is one that maximises the resource efficiency of that material.  
Although this approach is more flexible than the “old” hierarchy (see Figure 2), a methodology for 
determining resource efficiency has not been suggested. 
As was mentioned in previous sections, The WARR Act established Resource NSW as the replacement 
waste planner and manager (in place of the NSW Waste Boards).  Resource NSW produced a Waste 
Avoidance and Resource Recovery strategy (see Section 2.6.5).  From this it appears that Resource 
NSW’s interpretation of the WARR Act hierarchy has a more rigid interpretation than is presented by the 
WARR Act.   (Note again that Resource NSW was subsumed into the Department of Environment and 
Conservation in the latter half of 2003). 
3.2.6 Electricity Supply Amendment (Greenhouse Gas Emission Reduction) Act 2002 (NSW 
Mandatory Greenhouse Benchmarks Scheme) 
The purpose of the Electricity Supply Amendment (Greenhouse Gas Emission Reduction) Act 2002 was to 
establish greenhouse gas benchmarks for the electricity industry in New South Wales and to encourage 
the reduction of greenhouse gas emissions.  This legislation presents as an attempt to implement several 
of the ideas put forward in the Australian National Greenhouse Strategy, following on from negotiations 
surrounding the Kyoto protocol in the mid 1990’s (AGO 1998). 
It also signalled an attempt by the NSW Government to further reduce greenhouse gas emissions, 
following on from the establishment in 1996 of the NSW Sustainable Energy Development Authority 
(SEDA).  The role of SEDA was to reduce greenhouse gas emissions in NSW by stimulating market 
conditions for, and promoting investment in, sustainable energy and services.  To date this has also 
involved the support of a number of energy recovery projects.  The functions of SEDA were subsumed into 
the Department of Energy, Utilities and Sustainability (DEUS) in the latter half of 2003 (SEDA 2003). 
Disposal
Waste Avoidance
Resource recovery 
including reuse, 
reprocessing, 
recycling and energy 
recovery
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The Greenhouse Gas Emission Reduction Act, enacted on 1 January 2003, enforced a carbon tax on 
wholesale energy users and electricity retailers.  The tax was set at $10.50 per CO2 equivalent tonne of 
emissions in excess of the reduction target; a 5 % reduction on 1990 per capita emission levels by 2007 
(NSW Legislature 2002).   
Liable parties under the scheme must remit abatement certificates to the Greenhouse Gas Scheme 
Administrator (GGSA).  Abatement certificates can be transferable (tradable) or non transferable (only able 
to be remitted by the liable party).  The types of certificates are called NSW Greenhouse Gas Abatement 
Certificates (NGACs) and Large Energy User Abatement Certificates (LUACs) respectively (GGSA 2003).   
As a large user of electricity there is a requirement to offset CO2 equivalent emissions through the 
generation or purchase of NGACs (electricity based tradeable certificates).  Also as a large user it is 
possible to acquire a LUAC for any form of CO2 equivalent abatement, for example by making more 
product from the same energy input or by using a “greenhouse gas neutral” fuel.  
This provides an additional incentive for large users of electricity to use fuels made with recovered 
resources that present a greenhouse advantage and thus could be used in the creation of LUACs.    
3.2.7 Commonwealth Mandatory Renewable Energy Target 
The Renewable Energy (Electricity) Act was enacted in December 2000 with aim of supporting the 
development of 9,500GWh of renewable energy by 2010 (also referred to as the Commonwealth 
Mandatory Renewable Energy Target – MRET). 
MRET places a legal liability on wholesale purchasers of electricity to acquit their individual liability for 
renewable electricity generation through the surrender of Renewable Energy Certificates (RECs).  Each 
MWh of electricity generated from renewable energy sources creates one REC.  The penalty for not 
surrendering a REC obligation is set at $40 per certificate and is not tax deductible.  This creates the real 
cost of non compliance (and sets the upper value for RECs) at $57 per certificate.   
The determination of eligible renewable sources is administered by the Office of the Renewable Energy 
Regulator (ORER) who uses the list from Section 17 of the Act as the starting point for negotiations.  
Eligible sources from this list that can be considered as recovered resources include (Australian  
Government 2000): 
(d) bagasse co-generation, 
(e) black liquor, 
(f) wood waste, 
(h) crop waste, 
(i) food and agricultural wet waste, 
(j) landfill gas, and 
(k) municipal solid waste combustion. 
Any recovered resources derived from fossil fuels (such as plastic) are not eligible under this scheme.  So 
although municipal solid waste combustion is listed as an eligible source, it is only the organic component 
of that source that counts towards generating RECs.  MRET thus provides an incentive to recover energy 
value from eligible “wastes” in the form of electricity.  This could be interpreted as a policy that discourages 
recycling and composting as there are no market based instruments to support utilisation in these fields. 
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3.2.8 Impacts on Resource Recovery under the New South Wales Legislative and Regulatory 
Framework 
The inclusion of the Section 88 contribution under the Protection of the Environment Operations Act 1997, 
in combination with the waste hierarchy in the Waste Avoidance and Resource Recovery Act 2001 sends a 
clear message that resource recovery is a preferred activity to landfill.  The Federal Mandatory Renewable 
Energy Target provides a driver for the recovery of energy value from the bio-based components within the 
waste stream, however this is tempered by the NSW regulations on burning, in addition to the 
requirements to satisfy the three requirements for resource recovery (as set out by the NSW EPA’s 
Environmental Guidelines: Assessment, Classification & Management of Liquid & Non-liquid Wastes) of 
provision of benefit, high order use and “no damage”.  In this latter sense the legislative and regulatory 
framework can act to constrain resource recovery activities (see Section 3.8). 
 
3.3 Net Present Highest Resource Value 
Highest Resource Value as a driver of resource recovery has an immediate connotation.  For instance 
there is an intuitive recognition of the worth in recovering value from waste materials that would otherwise 
be disposed of to landfill.  This is demonstrated by the difference in value between crafting a recycled 
hardwood table and chipping the wood to make a garden mulch. 
The term has been used by Waste Service NSW, former Western Sydney Waste Board (Wright et al 2000) 
and the Waste Management Association of Australia (Warnken ISE 2002) as a principle for developing 
resource recovery options, namely that a higher resource value can be obtained by recovering materials 
that would otherwise be used to “fill land”, especially when the materials do not have good “land filling” 
characteristics, for example, putrescible, low bulk density and easily compacted.  Thus it could be argued 
that highest resource value as a policy position is a driver toward optimal recovery of resources. 
Part of the challenge, though, is in qualifying (let alone quantifying) the concept “best” use of materials, 
especially when it is applied to problems such as choosing between using garden organics to make energy  
or compost.   
The concept of “Net Present Highest Resource Value7” is offered here as an attempt to provide clarity to 
the phrase “highest resource value”.  The elements within the concept are as follows: 
• Net – captures both positive and negative impacts of the pathway, 
• Present – captures “in the circumstances”, 
• Highest – point of differentiation and in combination with “present” suggests the role of continuous 
improvement towards ideal performance, 
• Resource – moving away from the mind set of waste management toward a focus on the inherent 
raw materials and an attitude of product manufacture, and 
• Value – the combination of environmental, techno-economic and socio-political values. 
                                                          
7 The contribution of colleagues Mary Stewart and Lauren Basson is noted in developing the concept of net present highest resource value through discussions held in 
Sydney, 2001. 
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3.3.1 “Netting out” of Impacts  
It is recognised that there is always some impact associated with any given activity, especially when a 
range of values is considered for measurement, such as environment, techno-economic and socio-political 
aspects.  In these cases there will always be a series of tradeoffs when developing resource recovery 
activities.  However it is important when considering the impacts of two different alternatives that “apples” 
are being compared with “apples” and also that an appropriate selection of system boundary is made to 
ensure that the appropriate scope of impacts are being considered.   
Having recognised that impacts will be associated with the recovery of resources, it should be possible to 
present an argument of both the positives and negatives as a means of achieving the best “net” result. 
3.3.2 Present – Introducing Elements of Time Dependency 
Part of the difficulty in determining the best use of a material recovered from landfill is the prospect of new 
utilisation options being just around the “development” corner.  The argument being that it is inappropriate 
to lock up a resource stream for the next 10 – 15 years because in 5 years time a more efficient use of that 
recovered resource could emerge.  This reasoning also supports the argument for using landfill as monofil 
storage because future generations will be able to find “better” utilisation options than exist presently. 
However, this argument invariably delays decisions and serves to maintain the status quo.  For example, if 
10 years ago 50% of the waste stream was locked up for a marginally better than landfill utilisation option, 
it would not have prevented any alternative uses for those materials from occurring.  This is because over 
the last ten years there have not been any large scale “value-added” resource recovery projects in the 
Greater Sydney Region.  Also in terms of social change 10 to 20 years is not that long a timeframe.  Thus 
when considering resource recovery options, there is a need to compare options that are presently 
available as opposed to being under development. 
3.3.3 Highest – Pushing for Improvement 
The term highest suggests that for any given material disposed of to landfill (or generated as a waste) 
there are a variety of resource recovery options that could be implemented.  Of this range there is one 
option that is differentiable as the highest (when taking “net” and “present” into the equation). 
It is suggested that highest is not a static value, alluding to elements of continuous improvement, that is  
seeking to improve on the resource recovery outcomes that are achievable. 
3.3.4 Resource – Conversion of a Waste into a Product 
It is important to retain the focus on the material composition that is presented as “waste” in order to avoid 
discriminating against resource recovery operations in favour of virgin raw materials.  Resource recovery 
operations do not use “waste”, they convert a mix of different material types into products. 
A resource mindset is also necessary to make the transition away from a waste management mentality 
toward a product manufacture mentality that utilises recovered resources as the primary feedstocks.  This 
involves quality assurance to control the material mix in the recovered resources so that it is possible to 
prepare a fit-for-purpose product. 
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3.3.5 Value – Aspects of the Triple Bottom Line 
Value is the reminder that the materials in question have “worth”.  This worth is made up of three value 
sets (often referred to as the triple bottom line), namely: 
• Environmental – for instance, impacts on air, water and land, 
• Techno-economic – for instance, technical merit of a technology or process and the economics 
that surround that operation (cost of supply, cost of process, size of market, sale of product and 
profitability), and  
• Socio-political – for instance, community permission to operate a resource recovery operation in a 
given location and political agenda such as evening up portfolio between ministers in addition to 
support for recycling and waste minimisation and concerns as to how these could be impacted 
under a different resource recovery regime. 
3.3.6 Summarising “Net Present Highest Resource Value” 
Putting the elements of the concept together, the drive to recover the net present highest resource value of 
a material seeks to develop resource recovery operations that maximise the positive and minimise the 
negative relative environmental, techno-economic and socio-political impacts for any given material.  In 
doing so consideration is given to: 
• The system boundary for comparison (apples with apples), 
• The reality that the better mouse trap will always be around the corner, but that this should not 
excuse taking action today, 
• A desire for the flexibility to pursue continuous improvement, and 
• An approach that incorporate the requisite amount of quality assurance to assure the transition to 
product manufacture. 
Hence it can be stated that the drive to capture the optimal resource recovery option is the drive to achieve 
the net present highest resource value of a given material. 
 
3.4 Social Issues and Concerns 
The social issues and concerns related to resource recovery are complex and diversified.  They are 
perhaps best highlighted through the examination of the particular issues surrounding Energy from Waste 
as an option for resource recovery.   
The following issues were identified as part of the Energy from Waste Sustainability Project, an initiative of 
the Energy from Waste Division of the Waste Management Association of Australia with support from 
Australian Greenhouse Office. 
As part of the process to develop a Sustainability Guide for Energy from Waste projects, a series of 11 
national stakeholder workshops were held in order to provide a snapshot of the concerns and issues that 
stakeholders (and in particular the wider community) had with regard to Energy from Waste.  The results of 
these workshops were a series of 1,800 issues that were recorded and synthesised into a final summary 
document (Warnken ISE 2002). 
Some of these concerns identified through that consultation process are discussed below with particular 
attention paid to the wider resource recovery issue that is applicable to any utilisation option, not only 
Energy from Waste.  In this manner the wider social debate over resource recovery is presented. 
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3.4.1 Background to Social Issues and Concerns - the Issue of Energy from Waste 
The issue of Energy from Waste brings to the fore many of the elements within the debate of resource 
recovery and utilisation.  Disregarding technical considerations for the moment (see Section 5 for a review 
of specific technologies), a first order analysis would appear to present energy recovery as a “win-win” 
proposition.  There are materials with calorific value being wasted as unsuitable fill of land.  Furthermore, in 
NSW approximately 33 million tonnes of calorific value (coal8) are being excavated (making holes) in one 
sector of the economy while at the same time there are some 5 million tonnes of calorific value (waste – 
Wright et al 2000) being compacted (filling holes) in different sectors of the economy.  Thus the use of 
these “wastes” as an energy resource would seem to be a better use than landfill.   
However, the issue is not that straightforward.  Stakeholder consultation undertaken as part of the Energy 
from Waste Sustainability Project, outlined the following concerns (Warnken ISE 2002): 
• Encouraging the generation of waste - if an Energy from Waste (EfW) facility is established it will 
create a large demand for feed material and this will reduce the drive toward minimising the 
generation of waste in the first instance.   
• Best use of the material in question - EfW could be taking away resources from current recycling 
operations in addition to preventing innovative future recycling technologies from gaining access 
to a resource stream.  For instance the debate about returning “organic carbon” to the land in 
order to address issues such as soil degradation and salinity.  This argument puts composting 
ahead of any EfW approach. 
• Control of emissions to air, water and land - for instance concerns regarding dioxin creation in 
stack gases and heavy metal contamination of ash. 
What is notable about these issues is that they can be applied to any resource recovery operation.  For 
example, it can be argued that any operation that uses recovered resources will create a demand for that 
material, in effect reducing the incentive to minimise “waste generation”.  There will also be competition for 
resources between differing recovery options, such as reuse of pallets against composting and 
furthermore, no recovery operation is “impact free”.  Every activity has an environmental burden and will 
contribute (directly or indirectly) to emissions to air, water and land.  
The challenge in achieving optimal resource recovery could be stated as examining the overall impact of 
various options for resource recovery in order to select utilisation options that maximise economic benefit, 
minimise environmental impact and are configured to be socially acceptable.  These social requirements, 
that is, the positives to be encouraged, the negatives to be avoided and the needs identified for resource 
recovery projects, are discussed below9. 
3.4.2 Positive Aspects of Resource Recovery  
There are many perceived social benefits associated with increased recovery of resources from waste 
materials that would otherwise be sent to landfill.  For instance resource recovery conserves landfill space, 
obviating the need for new landfills.  This was identified as a positive as no one wanted a new landfill to be 
built in their backyard (the NIMBY syndrome).  Also the nature of resource recovery means that 
infrastructure is developed to receive, sort and process streams of material that would have otherwise 
been disposed of to landfill, often creating opportunities to access a wider array of material for recovery. 
                                                          
8 From data supplied by the National Electricity Market Management Company (NEMMCO 2003), NSW has 11.67 GW of electricity generating capacity.  Assuming a 
net electrical efficiency of 33.3%, NSW requires 11.67 * 3 = 35GJ of energy content (coal) per second.  Assuming an 80% utilisation of all assets on a per year basis 
and given that there are 8,760 hours per year, total utilisation hours across NSW = 7008 hours.   Given that there are 3,600 seconds per hour, this means that there 
are 25,228,800 operational seconds per year resulting in a total GJ load required = 35 * 25,228,800 = 883,008,000 GJ .  Assuming that coal burned in NSW power 
stations has a calorific value of 27 GJ tonne (AGO 2003 value for washed coal), the total tonnes of coal used in NSW each year is 33,000,000 tonnes (nearest 
1,000,000). 
9 Again it is highlighted that these issues have been derived from the  Energy from Waste Stakeholder Consultation Final Summary document (Warnken ISE 2002) and 
have been extrapolated to general resource recovery activities. 
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Furthermore, by establishing resource recovery operations around metropolitan centres, a network of 
reverse distribution and manufacture can be created, in effect establishing distributed manufacturing 
capacity.  For instance with paper recovery, instead of manufacturing paper close to the virgin feedstock of 
wood chip, the opportunity is created to also remanufacture paper (usually cardboard for packaging) within 
a metropolitan setting (for example the VISY plant at Smithfield in the western suburbs of Sydney).  This 
type of network has greater robustness (less susceptible to disruption) than a single centralised facility.  
And, in the case of energy generation, there are further advantages in terms of the avoidance of electricity 
transmission losses by having distributed energy generating capacity. 
The drive toward resource recovery also acts to facilitate the development of new technologies leading to 
new opportunities.  Resource recovery involves innovation by definition in that it requires a change from 
the status quo of disposal of waste to landfill.  There are many flow on benefits arising from the innovative 
development of new technologies and processes to better utilise recovered resources, including 
employment, training and export.  These benefits are all strong contributors to societal well being. 
Additionally, resource recovery can offset the use of virgin materials that are often non-renewable in 
societal time frames (for example fossil fuels for energy generation which could be argued to be renewable 
in geographical time scales).  Recovered resources can thus act in a substitutionary manner, lessening 
demand for increased resource usage. 
The potential for greenhouse gas abatement is another positive aspect of resource recovery, achieved by 
substituting the use of non-renewable materials for renewable elements.  This can result either in lower 
(net) emissions or in avoiding the high energy loads that are often associated with primary processing. 
Other emissions related benefits for resource recovery include greater control of emissions.  A resource 
recovery operation is different to landfill in terms of how emissions are generated.  Resource recovery is 
about process engineering which entails a level of knowledge and control over unit processes.  By 
comparison the emissions arising from landfill are more difficult to control as there is a much larger land 
space from which fugitive air (carbon dioxide and methane) and water (leachate) emissions can escape. 
3.4.3 Negative Aspects of Resource Recovery 
Balanced against the potential for positive aspects is the potential for negative impacts to arise from 
resource recovery activities.  For instance the potential adverse impact that resource recovery can have on 
waste minimisation, that is, to encourage the generation of waste.  If there is a utilisation option  that has a 
positive cash flow (for example end users would pay money to gain access to the material as opposed to 
the generator incurring a cost for a problem to be managed) there is the danger that incentives to minimise 
the generation of waste will be removed.  This is because the cost of waste generation is reduced or 
removed.  Furthermore it could result in people and organisations being encouraged to “make” waste. 
Another negative is the mistrust of resource recovery proponents by communities.  A proponent of a 
resource recovery operation has a vested interest in the establishment of their technology.  This has often 
been described as looking for a problem to fit the solution.  This is particularly marked with regard to 
Energy from Waste where there have been historical examples of poorly managed incinerators (for 
example the poor performance and eventual closure of the Waverly-Woollahra incinerator in the eastern 
suburbs of Sydney).   
Additional problems arise from information gaps and a lack of community involvement.  Often resource 
recovery projects are launched on unsuspecting communities as a “done deal” with no or limited 
consultation and no or limited opportunity to influence the configuration of the project.  Alongside this is the 
issue of information provision to communities in a manner that is simplified, but not simplistic and enables 
the community to get across the detail of the project, in addition to having credibility as an information 
source (that is, going beyond the glossy corporate brochure). 
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Also of concern is the contract length required for resource recovery projects and the gate fee required.  
(This issue was also raised under the discussion of “present” in Net Present Highest Resource Value in 
Section 3.3).  Essentially the concern is that resource recovery operations usually have a greater cost 
(both capital and operational) than landfill.  In order to underwrite the development there is a need for a 
long pay back period which effectively locks up a recovered resource stream and blocks off other uses of 
the materials.  The concern is that a sub-optimal option, only marginally better than landfill, could be 
entrenched for the next twenty years with no opportunity for improved resource outcomes. 
Other negatives include the potential for environmental, health and safety impacts.  It has already been 
noted that all resource recovery operations have an impact on the environment.  The concern is that the 
environmental, health and safety impacts of a recovery project could be worse than the status quo 
management option (especially with Energy from Waste and the potential for dioxin and furan pollution).   
Another factor is the concentration of pollution.  Often the unintended consequence of sorting for resource 
recovery is that the residuals left have higher concentrations of potentially polluting substances.  To use an 
Energy from Waste example again, residual ash which may contain high concentrations of heavy metals 
could be more difficult to manage than the original waste materials.   
3.4.4 Needs Identified for Resource Recovery Operations 
Arising from the Energy from Waste stakeholder consultation process were a number of requirements 
needed to meet social expectations.  For instance, early, widespread and continuous community 
engagement.  Engagement includes activities such as consultation, involvement, education and has as an 
integral component the need to recognise and validate stakeholder values (such as occurs when changes 
are made in accordance with suggestions received).  
There should also be an integrated resource recovery strategy at a regional level.  The technology of 
resource recovery should not drive the agenda rather there should be a strategy which sets clear 
guidelines as to what function the technology would provide in order to get around the issue of “finding a 
problem to fit a solution”.  Within the regional strategy there is also a need to clarify jurisdictional issues 
between local, state and federal governments. 
Furthermore, the goal of resource recovery strategies should be the extraction of maximum value from the 
recovered resource at all times.  (This issue was also raised under the discussion of “highest” in Net 
Present Highest Resource Value in Section 3.3).  One issue of dispute arises with regard to the use of 
organic material.  Given the state of Australia’s soils there is an argument that states that all organic 
material should be returned to the land to increase the carbon content in soils and that it should never be 
used for energy.  The counter argument suggests that large amounts of carbon are being transported for 
“free” in the atmosphere (as opposed to using fossil fuels to power prime movers) and that environmental 
plantings in affected areas should be used to restore carbon to soils, as opposed to composting in 
metropolitan centres and trucking the material out.   
3.4.5 Summarising Social Issues and Concerns 
At a simple level it can be argued that the positive social aspects act as drivers, while the negative social 
aspects act as constraints for resource recovery operations.  The expectations of the general community, 
identified by participants in the Energy from Waste Sustainability Project, (and applied here to general 
resource recovery issues) provide a general list of requirements for waste planners and managers and 
project proponents when engaging in resource recovery activities.  Of greatest importance here was the 
requirement for stakeholder engagement in order to gain community trust and facilitate the transfer of 
information as a process for achieving a community licence to operate. 
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3.5 Political Aspects 
It is important to recognise the political aspects that impact resource recovery operations.  For instance, 
the establishment and shutting down of the NSW Waste Boards and Resource NSW were political 
decisions.  So too was the increase in the landfill levy made under the Waste Avoidance and Resource 
Recovery Act 2001.  Siting issues for resource recovery operations are also heavily politicised.  Elections 
and resultant changes in Ministers, let alone changes in government, also have large impacts on policy 
direction which can send confusing signals to industry and remove continuity and investment confidence 
from resource recovery projects.  Thus it can be argued that the structural elements of politics acts as a 
severe constraint to resource recovery. 
3.5.1 Example: Extended Producer Responsibility: Highlighting Political Agenda 
The above discussion provided a brief overview of the macro impacts of the political system.  However 
there are other micro elements that significantly shape the political landscape.  For example, local 
government and extended producer responsibility (in particular container deposit legislation). 
The Organisation for Economic Co-operation and Development (most often quoted when definitions of 
extended producer responsibility are offered), defines EPR as “an environmental policy approach in which 
a producer’s responsibility for a product is extended to the post-consumer stage of a product’s life cycle”  
(OECD 2001).   
There appear to be two main motivations for this extension of responsibility.  Firstly, to shift the 
responsibility for the management of products at the end of their useful life; physically and/or economically; 
fully or partially; toward the producer and most importantly away from local government.  Secondly, to 
provide incentives to producers to incorporate environmental considerations into the planning and design 
of their products. 
It is this shifting of costs away from local government that is identified as the drive behind local government 
support for Container Deposit Legislation (CDL).  Detractors of CDL point out that CDL is being pushed 
from a political perspective to reduce costs to local government and deal with high-visibility problems (litter) 
as opposed to increasing resource recovery. 
Political agenda can thus focus time and resources on a high visibility and (relatively) low impact problem 
and in this manner constrain, through the removal of time and resources, low visibility but high impact 
resource recovery projects. 
 
3.6 Technical Aspects 
In spite of the potential for social and political aspects to derail the resource recovery process, the actual 
technology selection for resource recovery is still a pivotal decision in terms of optimising resource 
recovery.  It is important not to view selection in isolation, rather in the context of overall system 
performance (raising again the issue of strategy development and implementation, being that technology 
selection needs to be placed in the context of an overall reosource recovery strategy, rather than 
technology and marketing leading strategy development).   
Within technology selection are concerns related to the concentration of intractable materials, for example, 
ash and heavy metal concentration, with some EfW applications, or the contamination of soils with 
inappropriate composting technologies.  As a result some technologies may be great at diverting material 
from landfill but cause unacceptable side impacts. 
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Good technology selection means increased resource recovery with minimised environmental impact.  Bad 
selection could lead to a worsening in environmental performance of the overall system.  Some of the 
issues that need to be addressed when selecting a resource recovery technology include: 
• Maturity of technology - for instance is the technology proven?  Government is risk adverse and 
unlikely to bridge the lag between experimental stage and commercialised technology. 
• Complexity of technology - the greater the complexity the more opportunities that are created for 
things to go wrong.  Also specialist machinery and expertise is expensive, adding significant 
challenges to risk management. 
• Availability - information on a technology may be global, however this does not mean that is 
available in local conditions.  Also it is invariably not a simple act of technology transplant.  
Australia has different conditions and materials which can disrupt the operation of technology. 
• Contamination of waste - the heterogenous nature of waste creates a technical issue in managing 
uncertainty in order to produce a quality product.  This needs to be managed by pre-sorting or 
homogenisation technologies. 
• Collection and aggregation of waste – this presents significant technical challenges in overcoming 
the disparate sources (geographically and volume) of waste materials.  Also there are limits on 
the number of discrete material types that can be collected and a large need for space to store 
material for processing and delivery to market.  The cost of bulk collection and need for central 
located supply depots also feature. 
As has been highlighted in discussion in previous sections, one the main technical drivers is often the 
technology vendor’s drive to make a sale.  Constraints arise from the fact that there is no “one size fits all” 
option for resource recovery.  Thus the technical performance of a technology needs to be matched to its 
intended function.  Other technical issues are discussed below in Section 3.7.2 Processing Costs. 
 
3.7 Economic Considerations 
The economics of any resource recovery operation need to be balanced in order for the operation to be 
sustainable.  While there is a triple bottom line to sustainable development, resources can not be 
recovered unless there is a solid financial bottom line.  The components within economic considerations of 
resource recovery projects are discussed below. 
3.7.1 Gate Fees 
Gate fees, that is, the fee paid to a facility in order to receive materials for “management” presents as a 
significant source of income for a resource recovery operation.  However there is often competition for the 
recovered resource and an over supply of operators chasing the same material type can lead to lower 
levels of income from this source.  Additionally, the gate fee of a resource recovery facility needs to be 
cheaper than landfill in order to provide an incentive for source separated deliveries of desired materials.  
The actual price paid to a landfill can be very low, making it difficult for alternatives to compete.  There is 
also the issue of section 88 contributions (POEO 1997), also known as the “landfill tax” and the potential 
for this tax to be applied to resource recovery activities.  
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3.7.2 Processing Costs 
Some of the processing costs associated with resource recovery include: 
• Collection – Municipal Solid Waste (MSW) has kerbside collection of many point sources of 240 
litres to make up larger bulk amounts of approx 10 tonnes.  Commercial and Industrial (C&I) 
usually has a milk run of a number of businesses to gain a bulk load, although larger companies 
may have large skips of 30 cubic metres that are single loads.  Construction and Demolition 
(C&D) usually use single load skips or trucks, ranging from 6 cubic metres to 50 cubic metres.  
The costs of collection include capital cost and depreciation of trucks and bins, labour costs to 
collect and operating and maintenance costs such as fuel and repairs. 
• Aggregation - involves space to receive and stockpile materials, for example concrete recycling 
needs a large area for stockpiling prior to processing.  The aggregation space needs buffer zones 
and may also require enclosed buildings.  Land costs may be low as resource recovery sites are 
often based at landfills, however some transfer stations are based in metropolitan regions and 
incur a high cost of site to aggregate materials. 
• Sorting - ideally materials are received source separated, however there is still a need for sorting 
to remove contamination as part of the quality assurance needed to move from waste 
management to product manufacture.  Mixed waste, such as received at C&D transfer stations, 
requires sorting to remove valuable materials for further processing, with residuals going to 
landfill.  Sorting can be labour intensive or machinery intensive, it can also involve screens, 
magnets, eddy currents, ballistic, water and air separation technologies to sort different categories 
of material.  Cost centres in sorting include capital, depreciation and operating costs for sorting 
machines such as excavators with modified grabs and other sorting machinery (screens, belts, 
magnets etc) in addition to operational labour. 
• Size reduction - all resource recovery, with the exception of some forms of reuse, involves size 
reduction, for instance, metal is shredded, plastic is flaked, glass is ground, paper is pulped, wood 
is hammer milled, concrete, bricks and tiles are crushed and garden organics are mulched.  The 
cost of size reduction is significant and is influenced by the bulk density of the material.  For 
instance, concrete is cheaper on a per tonne rate because the weight of the material means that 
more tonnage is processed per cubic metre compared with lower bulk density materials such as 
wood.  Costs include capital, depreciation and operating costs of size reduction equipment such 
as hammer mills, shredders and grinders and ancillary equipment to feed the size reduction 
machines, such as front end loaders and excavators, in addition to the labour required to operate 
the machinery. 
• Screening - pre-processing screening usually focuses on contamination removal while post 
processing screening is about meeting performance specifications for end markets.  Screens 
include rotating trommels, vibrating trays and roller disks.  The costs of screening include capital, 
depreciation and operating expenses of screens in addition to labour costs to operate. 
• Storage - it is very rare for recovered resources to fit nicely into a “just-in-time” system that 
removes the need for storage of final product.  Stockpiles are usually created until enough 
material has been processed to make up a load or batch for the customer.  Costs include land for 
the storage operation and also any requirements for buildings to control dust or odour problems. 
• Delivery to market - there is a need to deliver finished product to market.  In some instances the 
user will pick up the product, however there is often a significant transport charge to get product 
from the point of processing to the point of utilisation.  Capital costs of delivery to market include 
trucks (with modifications such as walking floors and load covering equipment) and labour. 
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3.7.3 Market Value 
For any given recovered resource a viable market is required in order for the recovery activity to be 
sustainable.  Ideally there should be a push – pull market situation.  Push comes from the supply 
availability of the resource and from developing new utilisation options.  Pull comes from the demands of 
the market, that is, the demand for a product to perform a function.  This demand is separate from sources 
of raw materials used to make the product, for example, demand for a drainage medium as opposed to 
demand for crushed concrete. 
The actuality viability of a market is a function of profitability, continuity and scale.  These need to match 
the properties of the recovered resource.  For example with recovered organics, the sale price (and any 
gate fee received with the garden organics) needs to cover the costs of processing and return a profitable 
margin, with repeat sales and at a volume so that output equals input.  If these elements are not in place 
the operation will lose money while creating large stockpiles of mulch that are very difficult to manage 
because of problems with leachate and stockpile fires. 
It should also be noted that many recovered resources are commodities that are traded on international 
markets, for example metal, plastic and paper.  These prices can fluctuate greatly, sometimes venturing 
into negative territory. 
And from a different perspective, in a strong market with high demand (for example the demand for 
renewable fuel that can be used to generate renewable energy certificates), security of supply is of 
concern, that is, having access to the recovered resources in order to meet market demand.  Security of 
supply seems to be a contradiction in terms for recovered resources as businesses do not exist to 
generate waste, rather waste is a cost that they are trying to reduce  and one cannot force a business or a 
person to make waste. 
Additionally in terms of ownership of the waste materials, the resource recovery operation does not own 
the waste in the first instance.  They are relying on it to be collected and delivered to their facility.  As there 
are very few long term waste supply contracts in place and a new operation could “kidnap” those materials 
through lower gate fees offered to waste generators and collectors. 
Finally, security of supply also has a relationship to overall economic activity.  When the economy is up so 
too are waste generation rates and markets for recovered resources, however, when the economy is 
down, so too is waste generation and the market for recovered resources, reducing input supply and scale 
of output respectively.  This was seen in 1993 when the 60% diversion target in NSW was almost reached 
(NSW EPA 1997a) because of a downturn in the economy. 
3.7.4 Impact of Externalities 
In the discussion of sustainability in Section 3.1, it was noted that a challenge for resource recovery under 
a sustainable development model is the internalisation of externalities.  More attention is being given to the 
use of market based instruments in an attempt to incorporate the range of externalities that are created 
through business operation.   
These may work as a driver and a constraint depending on the application.  For instance, the landfill levy is 
meant to be a driver for recovered resources as these activities are able to avoid the obligation to pay the 
levy (the uncertainty discussed in Section 3.7.1 not withstanding).  There is uncertainty with regard to 
greenhouse market based instruments (for example carbon credits) and whether they would act as an 
incentive or disincentive for resource recovery.  Also Renewable Energy Certificates (RECs), though 
perhaps not a true market based instrument for the internalisation of externalities (rather a scheme to 
promote investment into renewable energy), could be viewed as a driver to encourage the recovery of 
resources.  However there is an additional administrative load from increased documentation to meet the 
Office of the Renewable Regulator requirements, decreasing potential benefits. 
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3.7.5 Summarising Economic Considerations 
The economics of a resource recovery operation need to be solid, regardless of the high level of 
performance in other areas such as environment, community expectations and political desirability.  The 
economics of resource recovery centre around sources of income (gate fees and sale of product), 
processing costs, accessible and profitable markets and the influence of market based instruments. 
 
3.8 General Environmental Impacts 
The legislative requirements related to environmental impacts were discussed previously in Section 3.2.  
An overview of general environmental impacts that need to be considered and managed in any resource 
recovery operation is presented below. 
3.8.1 Emissions to Air 
Any form of air pollution arising from a resource recovery activity can quickly capture a community’s 
attention and opposition.  Emissions to air fall under the following categories: 
• Particulate matter - this could be described as the “simplest” form of emission that can arise from 
any resource recovery operation that involves any size reduction operation that creates dust (for 
example concrete crushing, wood grinding and paper shredding).  Dust is also a problem for 
unsealed roads into and out of resource recovery operations.  Other particulate matter emissions 
can arise from combustion processes that create fly ash. 
• Dioxins - a group of highly carcinogenic organo-chlorine compounds which includes 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and chemically similar compounds.  In addition to the cancer 
related issues, dioxin can also cause severe reproductive and developmental problems (at levels 
100 times lower than those associated with its cancer causing effects); and can cause immune 
system damage and interfere with regulatory hormones.  The formation of dioxins is usually 
associated with specific conditions of combustion, including incomplete products of combustion, 
halons (including chlorine), a catalyst (usually a metal, commonly copper), and the appropriate 
temperature range (the maximum range for dioxin formation is 250ºC to 450ºC).  Dioxins are thus 
a concern for energy from waste applications (Unilabs Environmental 1999). 
• Greenhouse gases - the emissions to air that exacerbate global warming.  They include gasses 
such as carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and hydrocarbons containing 
chlorine, fluorine or bromine  (for example chlorofluorocarbon - CFC).  The impact of greenhouse 
gases is reported against the global warming potential in terms of CO2 equivalency.  For example, 
methane has 21 times the global warming potential of CO2.  Methane generation occurs as a 
result of the degradation of organic matter in the absence of oxygen, for example in landfills 
(Pittock 2003).   
• Oxides of Nitrogen (NOx) and Oxides of Sulphur (SOx) - formed whenever a fuel containing 
nitrogen or sulphur is combusted.  NOx is an issue because atmospheric nitrogen can provide a 
nitrogen loading during combustion in air.  In order to manage these emissions to air, attention 
needs to be paid to controlling both the process of combustion and also the preparation of 
materials for combustion (Van Oss and Padovani 2003). 
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3.8.2 Emissions to Water 
The potential for water pollution is also of concern for resource recovery activities, in particular: 
• Mobilisation of heavy metals - in several resource recovery technology options (for example 
composting and combustion), there is the potential for heavy metal contamination to be 
concentrated and transformed into a readily mobilised form of the metal (COWI 2002).  This is a 
problem for any ash residue that requires management, however can also be a problem for 
composting operations that are not appropriately managed.  Heavy metal contamination in 
leachate is also problematic. 
• Leachate - a liquid generated from the anaerobic decomposition process of organic matter and 
can also arise from rain percolating through outdoor stockpiles of garden organics and wood, 
either in an unprocessed or processed form.  Unless managed appropriately, leachate has the 
potential to enter water courses, disrupting oxygen availability (threatening aquatic life) and can 
also contaminate drinking water supplies (SEPA 2003). 
• Water usage and discharge - many resource recovery operations are relatively intensive in their 
use of water, for example, composting, dust suppression, paper de-inking and hydropulping and 
plastic washing.  This can create emissions to water from run off into storm water drains, or from 
a requirement to treat the “used” water prior to discharging into the sewer or into a waterway.   
3.8.3 Emissions to Land 
Emissions to land refer to any requirements to mange residual solid components arising from a resource 
recovery process and include: 
• Landfill - many recovery operations have residuals that require landfilling, such as rejects from 
Material Recovery Facilities.  
• Land application of organics - the application of organics to land can be considered an emission 
to land and can create problems if there is potential for contamination arising from the 
composition of the biosolids or compost.  This is not only with regard to heavy metals, but also the 
potential for human, plant and animal pathogens to be released and to impact negatively on 
human, plant and animal health. 
• Ash - as has been discussed previously, there is the potential for residual materials to become 
more hazardous than the original feedstock materials due to the concentrating effect of the 
resource recovery technology (for example, combustion).  This can result in a problematic 
emission to land. 
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3.9 Decision Making  
Decision making as a discipline in its own right has its own set of internal constraints.  These are not 
necessarily peculiar to resource recovery, however, they can act to constrain resource recovery 
operations.  The following elements could act as potential constraints to resource recovery operations. 
• Nature of decision making - the decision making process in NSW regarding the recovery of 
resources involves a variety of decision makers that need to work in concert to realise a resource 
recovery operation.  For instance, the proponent is looking to access an opportunity, DEC 
Division of Sustainability Programs is seeking to make decisions on a state basis in accordance 
with their waste strategy, DEC Environmental Protection and Regulation makes decisions on 
changes to operating licences for resource recovery activities and local government have control 
over large amounts of waste and have responsibility for selection of alternatives to landfill.  There 
are also pressures on decision makers contributing to poor performance such as being under 
resourced, lacking support and having limited time to complete the process. 
• Complexities within environmental decision making - there are many information gaps within 
complex environmental interactions in addition to an oversupply of information in other areas.  
Without appropriate synthesis the “paralysis of analysis” can arise.  Also of issue is the tendency 
for over simplification and mistakes made in summarising results of assessments, for example 
single point indicators and single figure summary scores of performance. 
• Technical expertise - it is widely accepted that there has been a gradual loss of knowledge within 
organisations as restructuring and down-sizing has occurred.  This means that organisations have 
limited internal technical expertise to call on when making decisions. 
• Uncertain legislative framework - decision making occurs within an uncertain legislative 
framework.  The Parer review of the Mandatory Renewable Energy Target (2002), which 
questioned the effectiveness of the Renewable Energy Certificate system in addition to 
uncertainty regarding the ratification of the Kyoto protocol, have added to the uncertainty 
surrounding the some resource recovery operations. 
 
3.10 Summary and Conclusion on System Drivers and Constraints for Optimal Utilisation 
of Waste 
The drivers and constraints that affect resource recovery, in addition to the manner in which pressure is 
exerted on the resource recovery option are summarised in the table overleaf.  A comment is also made as 
to where the level of pressure is exerted, whether at a general policy level, a specific regulatory 
requirement impacting stakeholders, a technical operational level, a financial management item, an 
environmental impact, a general management or a general societal level. 
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Table 2: Summary of drivers and constraints for optimal resource recovery 
Driver or Constraint Level of Pressure Pressure Exerted on Resource Recovery Option 
Sustainable  development - driver 
and constraint 
Policy Shaping public policy around the integration of environmental 
and societal concerns into resource recovery options as better 
alternatives to landfill, however, could constrain innovation if 
status quo is not subject to the same scrutiny as new projects. 
Rio declaration on environment 
and development - driver 
Policy Unacceptable to impact environment, change to cyclical 
patterns of manufacture, develop technologies to accomplish 
this, involve communities in process, internalise environmental 
costs and conduct an EIA where required. 
Australia’s national strategy for 
ecologically sustainable 
development - driver and 
constraint 
Policy Improve the efficiency of resource use and reduce the impact 
on the environment of waste disposal and give due 
consideration to the precautionary principle. 
Waste Avoidance and Resource 
Recovery Act 2001 - driver and 
constraint 
Policy New hierarchy that validates energy from waste as a resource 
recovery operation and established Resource NSW as state 
agency for waste avoidance and resource recovery. 
Protection of the Environment 
Operations Act 1997 - constraint 
Regulatory Establishes license conditions for resource recovery operations 
and sets rate and scope for Section 88 “contributions” (landfill 
levy/tax). 
Control of Burning Regulation 
2000 - constraint 
Regulatory Prohibits certain items (such as tyres) from energy recovery 
Protection of the Environment 
Operations (General) Amendment 
(Burning of Bio-Material) 
Regulation 2003 - constraint  
Regulatory Prohibits the use of forest residues for energy generation and 
limits potential for use of sawmill residues (by default) 
Environmental Guidelines: 
Assessment, Classification & 
Management of Liquid & Non-
liquid Wastes - constraint 
Regulatory Sets criteria by which resource recovery operations need to 
establish their bona fides 
Electricity Supply Amendment 
(Greenhouse Gas Emission 
Reduction) Act 2002 - driver and 
constraint 
Regulatory Support the use of “greenhouse gas friendly” renewable fuels 
however may impact operations of resource recovery if large 
users of electricity 
Renewable Energy (Electricity) Act 
(2000) - driver and constraint 
Regulatory Increases use of renewable fuels, but makes compliance with 
paper trail difficult  
Technical aspects - driver and 
constraint 
Technology Technology can be a driver in of itself (usually vendor driven) 
to achieve increased performance results, however can 
constrain through concern over the maturity, availability and 
complexity of the technology, in addition to its capacity to 
handle contamination and any additional requirements for 
collection and aggregation. 
Gate fees and markets – driver Economic The potential for resource recovery operations to gain access 
to a gate fee to accept a material that can be processed into a 
saleable commodity for an end market. 
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Driver or Constraint Level of Pressure Pressure Exerted on Resource Recovery Option 
Costs of processing - constraint Economic The costs of resource recovery related to collection, 
aggregation, sorting, size reduction, screening, storage and 
delivery to market.  
Emissions - constraint Environment The potential (requiring management) for resource recovery 
operations to cause emissions to air (particulate matter, 
dioxins, greenhouse gases NOx and SOx), to water (heavy 
metals, leachate and water usage and discharge) and to land 
(landfill, land application and ash). 
Decision making - constraint Management Nature of decision making, complexities within environmental 
decision making, lack of technical expertise and operating 
within an uncertain legislative framework. 
Social issues and concerns - 
driver and constraint 
Societal Provides many positive aspects to support development of 
resource recovery projects such as reduction of landfill and 
conservation of resources but also constraints such as the 
potential for siting issues, prolonged consultation, increased 
documentation demands and concerns over environmental 
impact and O,H & S  issues. 
Political aspects - driver and 
constraint 
Societal Sets policy settings that can act to give impetus to resource 
recovery, but can also be used to focus on seemingly minor 
issues, also has the potential to disrupt project assistance 
through changes in bureaucratic structure. 
Net present highest resource 
value - driver and constraint 
Societal Reduce amount of material being disposed of to landfill 
however places onus of proof on project proponent. 
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4 SYSTEM MODELS AND AVAILABLE INFORMATION TO ASSIST DECISION 
MAKING FOR OPTIMAL RESOURCE RECOVERY  
In Section 3 the overall positive pressures (drivers) and negative limits (constraints) relating to resource 
recovery were identified.  In Section 4 system models that can be beneficially used to assist in the process 
of decision making for optimal resource recovery in the Greater Sydney Region will be investigated.   
Section 4.1 introduces Industrial Ecology as a model around which issues of waste generation and 
resource recovery can be explored.  An overview of Industrial Ecology, Industrial Metabolism and Materials 
Flux Analysis is provided.  Waste generation and resource recovery is then described as a series of 
material stocks, flows and sinks and the description of waste generation and utilisation as a series of 
material stocks and flows to sinks is then applied to the Greater Sydney region in Section 4.2, Section 4.3  
and Section 4.4. 
Section 4.2 outlines the supply of waste (stocks) in the Greater Sydney Region.  The waste stream is 
classified according to whether it originated from Municipal Solid (MSW), Commercial and Industrial (C&I) 
or Construction and Demolition (C&D) waste sources.  The composition and volumes of each waste 
stream is presented providing a description of the amount of supply and source of potential feedstock 
materials for resource recovery options. 
Section 4.3 then looks at taking the supply of these heterogenous materials (wastes) and transforming 
them into homogenous products (right time/place resources).  This investigates the practical issues of 
accessing waste in the Greater Sydney Region and turning this waste into feedstock or finished products 
for other industrial systems. 
Following on from the discussion regarding sources of supply (stocks) and processes and technologies 
(transformation flows) that are needed to recover resources, Section 4.4 then describes the markets 
(sinks) for the recovered resources.  This overview covers generic applications such as landfill, Energy 
from Waste, direct and indirect recycling and material reuse with consideration given to the theme of 
preserving value along the “reversed” supply chain.  A summary of these potential sinks is presented which 
provides the context to a more detailed analysis of the current and emerging market conditions for these 
resources in the Greater Sydney Region.   
Section 4 concludes by summarising the supply of waste material, the transformation process required to 
create resources from these feedstocks and the existing market conditions for these products. 
The aim of Section 4 is to: 
• Present industrial ecology and the role that it can play in modelling waste related issues, 
• Identify the sources and amounts of waste available in the Greater Sydney Region, 
• Describe the transformation technologies and/or methodologies that are required to turn the 
supply of waste into a resource, and 
• Discuss generic utilisation options and assessed the available sinks (markets) in the Greater  
Sydney Region. 
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4.1 Industrial Ecology as a Model for Waste Generation and Resource Recovery  
Industrial ecology (IE) has been put forward as the model within which it is possible to understand complex 
systems whereby every component in a process or network of processes is assessed as a dependent and 
interrelated greater whole  (Jelinski et al 1991 and Ehrenfeld 1997).  It is recognised that our current 
environmental problems are as a result of industrialisation.  Therefore a change in our industrial modus 
operandi is required.  IE involves the biomimetic design of industrial infrastructures so that they replicate 
the operations of the natural global ecosystem (Tibbs 1992).  Thus an individual plant or factory’s 
environmental, economic and social performance is measured in the context of the entire system of which 
it is but a part.  Discrete sources of pollution are then managed through the integration of other “discrete” 
entities that can utilise the “pollution” as process inputs. 
Within the context of Industrial Ecology, then, waste is simply a product of manufacture that is available as 
a beneficial input into another industrial process.  The challenge thus becomes one of designing a system 
of integrated technologies able to make beneficial use of these “secondary resources” in such a manner 
that results in a net present benefit to the environment. 
Industrial Ecology uses the tool of Materials Flux Analysis (also referred to as Materials Flow Analysis and 
Industrial Metabolism) to model the flow of inputs and outputs within the economy.  Here Materials Flux 
Analysis is discussed and presented as the tool to use to build a model of waste generation and utilisation 
within the Greater Sydney Region. 
4.1.1 Materials Flux Analysis 
Materials Flux Analysis (MFA) is a tool that refers to the modelling of fluxes of elements within a system.  
Predominantly MFA is material specific and follows the flux of a material through the whole-of-life cycle of 
the material (Andeberg 1998).  MFA was developed through an approach measuring the metabolism of 
industry, that is, the flow of materials and energy through all stages of extraction, production, consumption 
and disposal.  Biological metabolism is the sum of biochemical reactions that sustain life.  Originally 
applied at a cellular level, the concept was then applied to the whole body and eventually to the population.  
Metabolism occurs, whether it is a plant colony, an ecosystem, an industry or a society, wherever material 
inputs are consumed from the environment and returned as outputs, usually in a different form (Fisher-
Kowalski (1998).  The analysis of this metabolism is undertaken according to the reference system (system 
boundary) and the flows under consideration (Fischer-Kowalski and Hüttler 1999). 
MFA can be applied to measure the flux of specific materials in addition to other system elements such as 
products and energy.  System boundary definitions vary from discrete processes to regions, be they 
geographic, industrial, political or economy based (Eder and Narodoslawsky 1999).  The system boundary 
can be used to define the scope of the MFA in that the bulk or mass flows through national economies, 
important sectors or large functional systems  (Boumann et al. 2000).  In this regard the choice of system 
boundary is essential to the outcomes of MFA.   
For these multi-material analyses at macro-regional levels the flux of materials is referred to in terms of the 
dichotomy between the anthroposphere, the part of the world controlled by human activities and the 
ecosphere, which is everything not part of the anthroposphere.  Flows from the ecosphere into the 
anthroposphere are input flows, and flows from the anthroposphere into the ecosphere are output flows 
(Eder and Narodoslawsky 1999). 
Klejin (2000) observes that the central tenet of Materials Flux Analysis is that ultimately inflow of material 
equals outflow.  At a macro-regional level, the analysis is on a one-node system, where an entire 
economy, region or process is treated as a black box with inflows and outflows.  Here the MFA is a 
relatively simple description of inputs and outputs.   
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This is in contrast to other MFA’s where every industrial process is a node linked to a number of other 
nodes via inflows and outflows.  As the number of interactions within a system increases factorially with the 
number of nodes within the system, MFA cannot be described as simplistic in nature.  This type of analysis 
involves researching the links between nodes, in addition to describing the fluxes of material within actual 
nodes (ibid. 2000). 
Materials Flux Analysis, then, can be multi-material, material, product, substance or energy specific 
through varying system boundaries over differing time intervals.  In this review MFA is understood to be 
any form of study that describes the flux of system element/s within a defined system.  Included in the 
concept of MFA are other terms such as Material Flow Analysis, Mass Balance, Input-Output Analysis, 
Materials Tracking and Industrial Metabolism.   
The systemic nature of MFA provides the contextualisation of point-source discrete data.  For instance, 
consumption of timber products in New South Wales is a discrete datum.  There is no context with which to 
discuss issues regarding the consumption of timber products.  In order to have meaningful dialogue in this 
area, the requisite set of information includes forest production, sawmill and panel product manufacture, 
efficiency of conversion from stock to product, service life of timber products and end-of-life fate in addition 
to timber consumption.  This “systems” information on timber products is provided by Materials Flux 
Analysis, that is a multi-material specific MFA through a regional system boundary. 
4.1.2 Types of Materials Flux Analysis 
4.1.2.1 Material Specific Materials Flux Analysis 
Many material specific MFA’s focus on the flow of chemicals through different regions.  Early uses of MFA 
have proved to be useful in tracking chemicals through the economy to identify and understand not only 
point sources of emissions, but also diffuse source emissions from agricultural production and 
consumption related emissions (Stigliani 1990, Korzun and Heck 1990).  Other MFA’s useful in tracking 
chemicals, particularly heavy metals, include mercury in the United States (Jasinski 1995), lead and zinc in 
Stockholm (Palm and Östlund 1996) and lead in Sweden (Karlsson 1999).  Still on toxic materials, other 
MFA’s include polychlorinated dibenzo-p-dioxins and dibenzofurans from several major industry sectors on 
a global basis (Brzuzy 1996) and the material flows (both mass and energy) in the production of PVC  
(Radgen et al. 1998). 
Material specific MFA’s are not just limited to toxic or hazardous materials.  MFA’s have been calculated 
for iron and steel in the Netherlands (Konijn 19997) and the United Kingdom (Michaelis and Jackson 
2000).  Plastics have been featured in Germany (Patel et al 1998, Patel et al 2000) and the Netherlands 
(Joosten et al 2000).  Studies on pulp, paper, waste paper and wood have also been identified in Europe 
(Bloemhof-Ruwaard et al 1996, Weaver et al 1997), India (Sharma et al 1997), Australia (Moore and 
Brunner 1998), and the Netherlands (Hekkert et al 2000). 
Most system boundaries have been selected on the basis of national boundaries, however global systems 
(Brzuzy 1996) and discrete process systems (Radgen et al. 1998) have also been addressed at opposite 
ends of the boundary spectrum.  Key features of these MFA’s include production rates, rate of 
consumption, service life in the economy (residence time), accumulation rates within the economy and 
present and future waste generation rates related to the identified material within the system (see 
especially Patel et al. 1998).     
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4.1.2.2 Product Specific Materials Flux Analysis 
Products as diverse as lead acid batteries in Sweden (Karlsson 1999), car and truck tyres (Ferrera 1997) 
and window frames (Kandelaars and Van den Bergh 1997) have been analysed to identify the flow and 
linkages of different constituent materials as they merge into a product, are utilised and then disposed of or 
recycled.  More complex (in terms of number of constituent materials) product specific MFA’s have been 
performed for complex scrap (Legartha 1997) and a typical 1990 US mid-sized car (Ginley 1999).  
4.1.2.3 Multi-Material Specific Materials Flux Analysis 
Much emphasis has been placed on the undertaking of multi-material specific MFA’s.  The systems that 
have been considered include discrete processes such as the manufacture of electronic components 
(Saminathan et al. 1994), a local resource recovery plant (Adams and Even 1996) and a furniture 
workshop (Liedtke et al. 1998).  Generic MFA’s have been used for industrial processes (Creyts and Carey 
1997) and at a technology level to identify processes that are most costly in terms of lost production and 
disposal fees (Phillips and Hindawi 1996, see also Akisaw et al 1999, Hendrickson et al 1998 and Kettrup  
and Matuschek 1996). 
Other systems have included regional and industry boundaries, for example waste management and 
recycling activities (Brunner and Baccini 1992, Huang et al 1994, Chang and Wang 1996, Pereira and 
Coelho 1997, Haith 1998, Burstroem 1999 and Masui et al 2000).  The economy has also been utilised as 
a system boundary, often in conjunction with a geographical or political boundary to define the economy 
(Wernick and Ausubel 1995, Van der Voet et al 1996 and Sundkvista et al. 1999). 
4.1.3 Application to Resource Recovery 
It is not surprising that waste is best described as “multi material specific” and is shaped by a combination 
of stocks, flows and sinks.  There is a flow of materials into the industrial economy.  These goods have a 
stock life, that is, a residence period within the economy, before they are discarded.  In order for the 
materials to be discarded there must be a sink, a place for the material to go, otherwise the system 
becomes blocked.  For instance, who would replace their kitchen if there was no where for the old one to 
go and as a consequence it had to stay in the backyard? 
Traditionally landfill has been the sink that the industrial economy relies on to remove unwanted stocks and 
make room for new stock to be sold, in addition to removing wastes from manufacture.  In order to change 
this situation there is a need for a range of alternative sinks that can use the material that was otherwise 
sent to landfill.  Each sink will essentially be a market for a material that has been transformed by some 
technology intervention completing the change to “right place/time”.  In order to assess the suitability of the 
sink it is necessary to understand the composition of the material in the waste stream. 
It is also important to understand how the composition of this waste stream will change over time.  This 
change is a function of stock life.  For example, consider timber treated with Copper Chrome Arsenic, used 
in outdoor applications and with an approximate stock life of 10 – 25 years for outdoor applications.  In this 
instance there would still be treated timber in the waste stream for the next 10 – 25 years, even if CCA 
treatment was banned today. 
Furthermore it is required to understand the flow of waste, where is it generated, how far it currently travels 
to landfill and where are the opportunities for interception in order to facilitate resource recovery.  The 
below figure is a diagrammatic representation of the stages required from a source of waste through a 
technology intervention to transform materials in readiness for a sink. 
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Figure 7 –Representation of the transformation from a source of waste to a recovered resource 
sink through a technology intervention 
The three sources or stocks of waste materials Municipal (MSW), Commercial and Industrial (C&I) and 
Construction and Demolition (C&D) can be collected either as separate or mixed collections.  Following 
this, varying levels of homogenisation are required, ranging from none to complex system of pre-treatment.  
After this initial stage of homogenisation, secondary processing activities such as size reduction and 
contaminant removal are required prior to subsequent conversion.  This step may not be needed, such as 
with reuse or some forms of recycling, however, it may also take the shape of some relatively complex 
systems such as anaerobic digestion or advanced thermal processes.  These stages are discussed in the  
sections below. 
 
4.2 Supply - Sources of Waste in the Greater Sydney Region 
There are three main sources of waste that comprise potential supplies of recovered resources: 
• Municipal (MSW), 
• Commercial and Industrial (C&I), and 
• Construction and Demolition (C&D). 
The three sectors are estimated to currently contribute almost 4 and a half million tonnes per annum to 
landfill in the Greater Sydney Region (Wright et al, 2000).  Table 3 provides a summary of the  
contributions from each of the sectors (note that waste to landfill equals the amount of waste generated 
minus the amount of materials recycled).   
MSW
Mixed
Separate
Homogenis-
ationSource
Secondary 
Processing
Subsequent 
Conversion MarketsCollection
Sorting
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MRF
Pre-treat
Dirty MRF
Size 
reduction
Contaminant 
removal
Size
Composting
Anaerobic 
digestion
Combustion
Advanced 
thermal
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Direct 
Recycling
Indirect 
Recycling
Energy 
Recovery
None
None
None
Technology Intervention 
(transformation flows)
Increased Transformation
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Table 3: Summary of annual waste generation in the Greater Sydney Region (tonnes recycled and 
landfilled -Wright et al 2000) 
Waste Stream Recycled Landfilled Total Generated 
MSW 450,000 1,350,000 1,800,000 
C&I 500,000 2,100,000 2,600,000 
C&D 1,500,000 1,000,000 2,500,000 
Totals 2,450,000 4,450,000 6,900,000 
 
4.2.1 Municipal Solid Waste (MSW) 
MSW includes the mixed household waste collected during weekly kerbside services, designated 
recyclables, garden waste, white goods and other household items too large for normal collection vehicles, 
for which there are special collections, and additional waste from council cleanups of public amenities. 
Table 4 presents a profile of the MSW stream.  The overall current diversion rate is shown to be about 
25%.  Services are still being extended or improved in certain council areas, so further recovery of 
materials for which there is a proven and existing collection and processing infrastructure market, notably 
garden waste, paper/cardboard and glass, can be expected. 
Table 4: Contribution of MSW to waste generation and disposal in the Greater Sydney Region10 
(based on estimates reported by Wright et al, 2000) 
Components of MSW Generated Recycled 
Residual – 
potentially 
available 
Organic:  
food 
Garden 
 
280,000 
390,000 
 
- 
150,000 
 
280,000 
240,000 
Dry Recyclables: 
paper/cardboard 
plastic 
glass 
ferrous 
 
585,000 
110,000 
240,000 
35,000 
 
195,000  
10,000 
90,000  
- 
 
390,000 
100,000 
150,000 
30,000 
Undefined: 160,000 - 160,000 
TOTAL  1,800,000 450,000 1,350,000 
 
                                                          
10 Estimated tonnages reported for 1998 
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4.2.2 Commercial and Industrial Waste 
Commercial and Industrial (C&I) waste includes waste materials collected from businesses and industries 
such as retailing, manufacturing and office premises; institutions such as schools, hospitals, defence and 
government administration; and the finance and communications sectors.  The C&I material profile is 
shown in Table 5. 
Table 5: Contribution of the C&I sector to waste generation and disposal in the Greater Sydney 
Region11 (based on estimates reported by Wright et al, 2000) 
Components Generated Recycled Residual - potentially available 
Organic: food 
  Garden 
160,000 
130,000 
- 
70,000  
160,000 
60,000 
Dry Recyclables: 
paper/cardboard 
plastic 
glass 
ferrous 
 
510,000 
170,000 
70,000 
90,000 
 
300,000 
20,000  
40,000  
40,000  
 
210,000 
150,000 
30,000 
50,000 
Wood 220,000 10,000 210,000 
soil/rubble 160,000 10,000  150,000 
Concrete 60,000 10,000  50,000 
Undefined 530,000 - 530,000 
TOTAL  2,600,000 500,000  2,100,000 
 
4.2.3 Construction and Demolition Waste 
C&D waste includes material generated from demolition and construction activities on residential, 
commercial, government or institutional buildings, by the construction, repair or alteration of infrastructure 
type developments and soil or excavated cleanfill.  Table 6 profiles this waste stream, which is mainly 
characterised by inert rubble and fill material which are reused and recycled relatively extensively. 
Table 6: Contribution of the C&D sector to waste generation and disposal in Greater Sydney 
Region12 (based on estimates reported by Wright et al, 2000) 
Components Generated Recycled Residual –Potentially available 
Organic: 
  Garden 
 
30,000 
 
- 
 
30,000 
Dry Recyclables: 
Ferrous 
 
60,000 
 
40,000 
 
20,000 
Wood 150,000 50,000 100,000 
soil/rubble 1,160,000 800,000 360,000 
Concrete 620,000 460,000 160,000 
Undefined 480,000 150,000 330,000 
TOTAL  2,500,000 1,500,000 1,000,000 
 
                                                          
11 Estimated tonnages reported for 1998. 
12 Estimated tonnages reported for 1998. 
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4.2.4 Material Specific Focus 
The above information was presented in the Alternative Waste Management Technologies and Practices 
Inquiry (also known as the Wright Report), but does not drill down into the classifications of material within 
each grouping of material.  For instance, Table 7 below is derived from the Australian Waste Database 
(CRC WMPC 1993).  It has a stronger focus on the material composition and is presented here to provide 
a perspective of the variety of material types that are found in the three waste streams.  This highlights 
data quality as a further issue for resource recovery. 
Table 7:  Material specific composition of components in the MSW, C&I and C&D waste streams 
(derived from CRC WMPC 1993) 
A) Paper  E) Plastic 
A00 Paper/cardboard  E01 PET 
A01 Newspaper  E02 HDPE 
A02 Magazine  E03 PVC 
A03 Miscellaneous packaging  E04 LDPE 
A04 Corrugated cardboard  E05 Polypropylene 
A05 Package board  E06 Polystyrene 
A06 Liquid paper containers  E07 Other plastic 
A07 Disposable paper product  E08 Composite, mostly plastic 
A08 Printing and Writing Paper  F) Ferrous 
A081 Office white paper  F01 Steel packaging 
A09 Composite mostly paper  F02 Other ferrous 
A091 Mixed paper (unsoiled)  F03 Composite, mostly ferrous 
A092 Mixed soiled paper  G) Non-ferrous 
A100 Sandpaper  G01 Aluminium 
B) Other Compostable  G02 Other non-ferrous 
B01 Food/kitchen  G03 Composite, mostly non-fe and non-al 
B02 Garden/vegetation  H) Special 
B03 Other putrescible  H01 Paint 
C) Other Organic  H02 Fluorescent globes 
C01 Wood/Timber  H03 Dry cell batteries 
C011 Untreated Timber  H04 Car Batteries 
C012 Treated Timber  H05 Household chemicals 
C013 Particle Board  H06 Asbestos 
C014 Low Density Fibreboard  H07 Pathogenic infectious 
C015 Medium Density Fibreboard  H08 Acids/caustics 
C016 High Density Fibreboard  H09 Cleaning chemicals 
C017 Plywood  H010 Solvents 
C02 Textiles/rags  I) Earth Based 
C021 Carpet  I01 Ceramics 
C03 Leather  I02 Dust/Soil/Rubble 
C04 Rubber  I021 Soil/rubble<=150mm 
C05 Oils  I022 Cobbles/boulders>150mm 
C051 Engine oils  I03 Ash 
C052 Petrol/diesel  I04 Concrete based 
C053 Brake fluid  I05 Clay based 
C054 Vegetable oils  I06 Plasterboard 
D) Glass  I07 Asphalt/bitumen 
D01 Packaging glass containers   
D02 Miscellaneous/other glass   
D03 Mirror   
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4.3 Transformation – Technology Interventions for Processing Waste into a Resource 
The act of resource recovery involves a technology intervention to effect a transformation that changes the 
flow of waste into a “right time/place” resource.  Technology interventions can range from a simple 
collection service for a source separated product such as pallets for reuse, to a complex system of 
anaerobic digestion to produce methane and a digestate suitable for use as a fertiliser.  
A key component in the transformation process is the quality assurance that provides a guaranteed 
performance for recovered resources.  Thus the transformation of wastes into resources involves an 
approach that moves away from waste management (inherent uncertainty caused by heterogeneity) to one 
of product manufacture (fit for purpose products that arise from controlled homogeneity). 
4.3.1 Collection from Source 
There are two options for the collection of materials.  Firstly, source separation such as the kerbside 
collection of household recyclables and secondly, mixed collection, for example kerbside collection of  
household garbage. 
The advantage of source separation is an increase in quality (material is already homogenised) in addition 
to having a known source of inputs.  This is especially the case with source separated loads of C&I 
material such as a single bin pick up from a known manufacturer, creating the opportunity for implementing 
a quality assurance process on site to give greater control of the quality of the inputs.  The disadvantage is 
the cost to control contamination caused by non compliance. 
The advantage of a mixed collection is that the success of the resource recovery operation is not subject to 
the involvement by the generator of waste in the sorting process.  Rather, the technology to homogenise 
the waste provides the process confidence as opposed to the vagaries of company/individual participation. 
4.3.2 Primary Homogenisation 
There are various approaches to the primary homogenisation of waste materials as a process step in the 
transformation into a resource.  Primary refers to homogenisation at a macro level.  Secondary activities 
are still required to manufacture a usable product.  (Note that primary homogenisation is only required 
when the collection is from a mixed source). 
Primary homogenisation approaches include: 
• Sorting- either manual or with the use of machinery such as excavators.  Sorting is primarily used 
for C&D materials. 
• Screening - groups similar sized materials, usually with similar properties (for example screening 
mixed brick and tile material to separate out the dirt).  Screening can also provide a broad 
grouping of material such as “under” 80 mm particles and “over” 80 mm particles. 
• MRFing - a MRF is a Materials Recovery Facility and is the facility where kerbside collected 
recyclables are taken and processed in various ways to produce homogenous streams of metals, 
paper, plastic and glass.  Some of these processes include hand picking off a conveyor belt, 
magnetic separation and ballistic separation. 
• Pre-Treatment - is a generic term used to describe technologies that accept mixed MSW and 
homogenise it into four main fractions, an organic fraction (food and garden materials), a high 
calorific fraction (primarily paper and plastic) and an inert fraction (dirt, stones and glass) and 
metals (ferrous and non-ferrous). 
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• Dirty MRFing - involves operating in similar principle to a MRF, only using a mixed MSW 
feedstock.  It differs from pre-treatment in that it looks to separate streams for recycling (for 
example paper, different types of plastic packaging, different types of glass etc.) resulting in 
refined fractions of materials, whereas pre-treatment focuses on an overall homogenisation of the  
waste stream. 
4.3.3 Secondary processing 
Secondary processing includes the processing activities required to further refine materials in preparation 
for delivery to market.  This stage includes processing options such as: 
• Size reduction - usually finished products are bulky and difficult to handle which does not facilitate 
being used as a feedstock.  Thus there is a need to reduce the size of materials through 
shredding, grinding, crushing or chipping. 
• Contaminant removal - recovered resources (even when source separated) may contain 
“contamination” which is not necessarily “bad”, as in hazardous.  For example wood in a paper 
recycling operation would be considered contamination, even though wood can also be recycled.  
A variety of techniques are used with reasonable control and accuracy.  These techniques include 
magnetic separation, wind sifting and water baths.   
• Size classification - sizing is the final requirement to meet the specifications of a variety of product 
options.  It includes the removal of unders and overs through various screening configurations 
using equipment such as trommels, vibrating screens and disk screens. 
• Further preparation for feedstock application - if the resource is intended for use as a feedstock 
into other industrial applications, it may require further processing.  Examples of further 
preparation include briquetting, blending, pelletising and baling to name a few. 
4.3.4 Subsequent Conversion 
There may be a need for subsequent conversion of the homogenous resource stream before it reaches its 
sink.  For instance if the sink is the domestic compost market, there is a need to compost organic material 
subsequent to primary and secondary homogenisation activities, prior to reaching that sink, however if the 
sink is the landscape mulch market, then there is no need for subsequent conversion as the “chip” is ready 
to use. Some of the subsequent conversion steps include: 
• Composting - the process whereby organic materials are microbially transformed in an aerobic 
condition and at an elevated temperature (in excess of 50°C for three days) to produce a product 
in which the animal and plant pathogens and weed seeds have been destroyed.  Nutrient value 
and moisture are essential ingredients.  This sink is made up of domestic, commercial or broad 
acre compost markets (indirect recycling). 
• Anaerobic digestion - a biological process in which organic solids are decomposed by anaerobic 
bacteria, resulting in the release of carbon dioxide and methane which are available as a fuel to 
drive electricity generators.  The other end product is digestate that can be used as a fertiliser.  
This sink is made up of the electricity market and domestic, commercial or broad acre compost 
markets (energy recovery and indirect recycling). 
• Combustion - the process of burning which is essentially a chemical reaction.  Energy is released 
in the form of heat.  Heat is used as process heat or is used to generate steam to drive turbines 
and create electricity.  This sink is primarily made up of the electricity market or the solid fuel 
market (energy recovery). 
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• Advanced thermal processes - such as gasification and pyrolysis which are technologies that 
manage combustion in an oxygen restricted or oxygen excluded environment.  The sink includes 
charcoal, gas, solid fuel, biodiesel and the electricity market (energy recovery). 
Further detail on the nature of sinks (markets) for these transformed resources is given below. 
 
4.4 Sinks – Markets for Waste in the Greater Sydney Region 
There are five generic types of sink for waste materials in the Greater Sydney Region: 
• Reuse, 
• Direct Recycling, 
• Indirect Recycling, 
• Energy Generation, and 
• Landfill. 
The sections below give detail on each type of sink. 
4.4.1 Reuse 
Reuse refers to a material being reused in substantively its original form.  Current reuse sinks include 
second hand markets for items such as electrical appliances, cars, furniture and clothing.  These markets 
are fragmented and ad-hoc.  The most organised would be clothing while the least would be re-using office 
paper for fax machine or Council clean-ups where most of the goods change garages through informal 
“shopping” along the street.   
There is some reuse of construction materials, however there are issues with standards for performance 
and the grading of performance.  Other reuse applications include the retreading of tyres and a variety of 
novel applications that are developed in-house by organisations, often under cleaner production initiatives.  
The drive toward Extended Producer Responsibility, and in particular product take back schemes may 
provide an impetus to formalise reuse options for items such as electrical equipment and electronic 
appliances by promoting  refurbishment on a commercial basis. 
4.4.2 Direct Recycling 
The “strong” definition of direct recycling refers to an activity that recycles a product directly back into the 
same product supply chain, for example recycling newsprint back into newsprint and metal I-beams back 
into metal I-beams.  It is also referred to as closed loop recycling.   
The “weak” definition is that direct recycling refers to recycling into the same product type, for example, 
paper into paper product, plastic into plastic product.  Using this definition all kerbside collection, paper, 
plastic, glass and metal is used for direct recycling where those materials are made into paper, plastic, 
glass and metal products.  (Adherents to the strong definition of direct recycling would refer to same 
product type (but not same product) recycling as indirect or open loop recycling and would thus define 
domestic kerbside collection as indirect recycling.  In this work the “weak” definition is used.) 
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4.4.3 Indirect Recycling 
Conversely to direct recycling, indirect recycling is where materials are recycled outside of their supply 
chain (strong definition of direct and indirect recycling) or outside their product type (weak definition of 
direct and indirect recycling).  For example paper into animal bedding, timber framing into compost, tyres 
into bitumen additive, concrete into aggregate drainage are defined as indirect recycling activities.  This 
activity is also referred to as open loop recycling. 
Energy recovery could also be defined as an indirect recycling opportunity, however it has significant 
issues in terms of acceptance and desirability that are distinct to other indirect recycling activities such as 
composting and has thus been kept as a separate grouping sink. 
4.4.4 Energy Recovery 
Although it can be debated whether energy recovery is a bona fide form of recycling, it still presents as a 
possible sink for recovered resources.  Energy recovery focuses on the recovery of the inherent calorific 
value with a material, as opposed to the embodied energy which can only be recovered through reuse and  
direct recycling. 
Current energy recovery options exist for wood derived fuels in power stations and cement kilns, for food 
wastes through an anaerobic digester and for garden organics through a Solid Waste to Energy Facility 
(SWERF).  There are emerging options for a wider variety of fuel types into power stations and cement 
kilns sourced from a variety of MSW, C&I and C&D sources in addition to a hybrid form of anaerobic 
digestion for mixed MSW. 
4.4.5 Landfill 
Landfill remains as the dominant sink for waste materials in the Greater Sydney Region.  Landfills are 
described as either “inert” or “solid” (NSW EPA 1999).  Solid landfills are able to accept putrescible 
materials such MSW and garden organics, while inert landfills accept predominately C&D materials and 
some selected C&I waste materials (for example off-spec building materials that are inert). 
4.4.6 Summary of Sinks for Recovered Resources in the Greater Sydney Region 
The table below presents an overview of the current sinks for recovered resources in the Greater Sydney 
Region.  Landfill has been excluded from the table summary (except where it presents as the only sink 
available) as it is applicable to every materials type. 
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Table 8:  Summary of sinks for recovered resources in the Greater Sydney Region 
Component MSW C&I C&D 
Paper 
Art and craft reuse, main sink through kerbside 
collection to recycled paper, cardboard boxes 
Some office reuse, main skink through commercial 
collection to recycled paper, cardboard boxes Mainly to landfill 
Food/kitchen Household composting 
Food collection to anaerobic digestion, also some 
direct land application and composting Mainly to landfill 
Garden/vegetation Council collection to compost  Mainly to landfill Separate collections to compost 
Wood/timber Mainly to landfill 
Some reuse of pallets, emerging opportunities for 
fuel into power station and cement kilns 
Some reuse, landscape mulch and fuel into power 
station and cement kilns 
Textiles/rags Reuse through charities Mainly to landfill Mainly to landfill 
Rubber 
Re-treads, some indirect recycling of rubber into 
asphalt and other rubber products, emerging 
opportunities for use as a power station fuel 
Re-treads, some indirect recycling of rubber into 
asphalt and other rubber products, emerging 
opportunities for use as a power station fuel 
Mainly to landfill 
Oils Mainly to landfill 
Waste oil collection to be used as a fuel or re-refined 
into lube products Mainly to landfill 
Glass 
Some household reuse, main sink through kerbside 
collection into recycled glass products Some internal reuse Mainly to landfill 
Plastic 
Some household reuse, main sink through kerbside 
collection into recycled plastic products 
Some internal reuse , specialised collection to 
recycled plastic products, emerging technology to 
make a diesel fuel replacement 
Mainly to landfill 
Ferrous metal 
Some household reuse, main sink through kerbside 
collection into recycled ferrous metal products 
Some internal reuse, separate collection into 
recycled ferrous metal products Sorting at landfill to recycle ferrous metal products 
Non-ferrous metal 
Some household reuse, main sink through kerbside 
collection into recycled non-ferrous metal products 
Some internal reuse, separate collection into 
recycled non-ferrous metal products 
Sorting at landfill to recycle non-ferrous metal 
products 
Special/intractable Mainly to landfill Mainly to landfill Mainly to landfill 
Concrete Mainly to landfill Mainly to landfill 
Source separated loads and sorted at landfill into 
aggregate markets  
Brick and tile Mainly to landfill Mainly to landfill 
Source separated loads and sorted at landfill into 
aggregate markets  
Plasterboard Mainly to landfill Mainly to landfill Source separated into horticultural market 
Other earth based Mainly to landfill Mainly to landfill Mainly to landfill 
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4.5 Summary and Conclusion of Waste Generation, Transformation and Utilisation in 
the Greater Sydney Region 
The diagram below presents a “map” of the supply of materials, the transformation processes the supply 
can go through and then the utilisation options that exist for resource recovery.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 – Summary diagram of the generic flows of waste generation, transformation and 
utilisation in the Greater Sydney Region  
Right time/place materials are used as resources to manufacture the “stock” of products that reside in the 
economy.  Outputs from the economy are wrong time/place wastes that are traditionally disposed of to 
landfill.  A technology intervention is required, either at the source of the waste generation, or at landfill, in 
order to gain access to these materials.  Subsequent steps of homogenisation, secondary processing and 
subsequent conversion prepare materials for four main market sinks being, reuse, direct recycle, indirect 
recycle and energy recovery, which in effect present “wastes” as right time/place resources ready for use  
in the economy. 
Section 2, Section 3 and Section 4 have essentially set up all of the elements within the problem area of 
determining optimal resource recovery.  That is to say, the background of waste generation and resource 
recovery have been discussed, the drivers and constraints related to the utilisation (optimal or otherwise) 
of waste have been mapped out and the supply, the range of transformation processes and the options 
that are available for resource recovery have been presented. 
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5 EVALUATION OF OPTIMAL RESOURCE RECOVERY IN THE GREATER 
SYDNEY REGION: STATUS QUO - THE INQUIRY INTO ALTERNATIVE 
WASTE MANAGEMENT TECHNOLOGIES AND PRACTICES 
Sections 2, 3 and 4 of this work have examined the context of the problem area surrounding optimal 
resource recovery in the Greater Sydney Region.  Namely that there are wastes (sources), existing and 
potential markets (sinks) and technologies to process and add value (transformation flows).  These 
sources, flows and sinks do not exist in a vacuum and there are a suite of economic, technical, social, 
political and legislative issues that function to drive or constrain resource recovery. 
The discussion thus far has combined to present the elements within the problem area, the options for 
resource recovery and a model for understanding waste generation and resource recovery.  What is now 
required is to assess the options in order to determine which is optimal. 
Section 5 describes such a framework, in this instance the framework that was used by the NSW 
Government’s Inquiry into Alternative Waste Management Technologies and Practices (2000) (also known 
as the Wright Report and referred to here also as the Inquiry).  This approach has been taken because the 
Inquiry represents a landmark investigation into the evaluation of waste management utilisation options in 
the Greater Sydney Region.  This makes it useful as a starting point for decision makers in NSW.   
Firstly, Section 5.1 provides an introduction and overview of frameworks that can be used to interrogate 
the model of waste generation that has been construction in Sections 4.2 – 4.4.  This general discussion 
provides an introduction to the analysis of the Wright Report. 
Section 5.2 presents an overview of the Wright Report and a discussion of its objectives.  Section 5.3 
discusses the methodology that was used in the evaluation process, while Section 5.4 assesses the results 
that were achieved from the process.  A sensitivity analysis is also presented to explore the robustness of 
the results.  Following on from the sensitivity analysis, several problematic issues are identified.  These are 
discussed in Section 5.5 which outlines a critique of the approach of the Wright Report, highlighting the 
positive and negative aspects. 
Section 5.6 summarises the limitations of the original evaluation methodology as used in the NSW 
Government’s Inquiry into Alternative Waste Management Technologies and Practices (2000) and the 
steps that would need to be taken in a refined model to overcome these limitations. 
The aim of Section 5 is to: 
• Present a variety of frameworks that can be used to assess issues and opportunities within our 
system model 
• Provide an overview of the Inquiry into Alternative Waste Management Technologies and 
Practices.  
• Gain an understanding of the methodology used to evaluate technology options in the Inquiry and 
the limitations to this approach, and 
• Suggest improvements that could be made to the Inquiry’s assessment framework in order to 
overcome identified limitations. 
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5.1 Frameworks for Decision Making in Resource Recovery and Management 
Given the range of sinks (markets) that are available and also that are emerging for recovered resource in 
the Greater Sydney Region, a framework for decision making is required to differentiate between choices.  
A framework is a construct that allows the interrogation of a system in terms of risk, cost, benefit and 
impact.  For instance both environmental impact assessment and risk assessment are frameworks that 
allow the interrogation (analysis) of complex systems, both anthropogenic and biogenic. 
This contrasts with a “model” which is the representation of a system, examples of models that represent 
complex systems in the area of waste management include materials flux analysis and industrial ecology 
(Sections 4.2 – 4.4).  Some frameworks that are used in environmental decision making, (such as 
determining the optimal resource recovery option) include: 
• Life Cycle Assessment (LCA13), 
• Environmental Impact Assessment (EIA), 
• Cost Benefit Analysis (CBA),  
• Risk Assessment (RA),and 
• Multi-Criteria Decision Making (MCDM). 
5.1.1 Environmental Decision Making and Sustainable Waste Management  
Like many other countries and states, New South Wales (NSW) has adopted a form of the waste 
management hierarchy as a tool to implement sustainable waste management practices.  The hierarchy is 
often used as a decision making tool, that is, choose options that Avoid the generation of the waste in the 
first instance followed by Reuse options, then Recycling and only after all other options have been 
addressed should Energy-from-Waste or Landfill options be chosen.  Increasingly, however, the hierarchy 
is being questioned as to its effectiveness in achieving sustainability (eg. Leach et al 1996, Clift et al 2000 
and Gertsakis and Lewis 2003).  With the waste management hierarchy falling from favour, alternative 
decision making frameworks are needed by waste planners and managers in order to differentiate between 
technology options for the utilisation of these wasted resources. 
Life Cycle Assessment is often put forward as a methodology for differentiating between waste 
management systems, given a constant product system (Weitz et al 1999).  It is not within the scope of this 
thesis to give detail to the many studies that have been performed in this area.  It is however, important to 
point out that both International Standards Organisation (ISO) and Society of Environmental Toxicology 
and Chemistry (SETAC) suggest that LCA should not be the sole decision making tool (in Owens 1999).  A 
general consensus has been reached that the cost and time involved in complete LCA studies are a major 
disadvantage to this methodology.  Notarnicola et al (1998) notes that there are many differing operational 
methodologies for conducting impact assessment and evaluation within the school of LCA and that these 
methodologies can yield many differing results that are in some cases contradictory.   
Many decision makers find this dependence on assumptions within a methodology or made by 
practitioners to be disconcerting (Basson and Petrie 2001).  There is also the view that LCA is best utilised 
as a support activity in a decision making process (Clift et al 2000) and that LCA lends itself to being 
integrated as part of an analytic decision making process (Hertwich and Hammit 2001).  This is in 
agreement with the observation from English et al (1999) that although there is a need for decision-making 
tools, the tools (eg. LCA) are not ends in themselves. 
                                                          
13 Note that sometimes LCA can be considered to be both a framework and a model – it works as a model when presenting the life cycle of a product. 
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Also the question of defining the optimal option creates much discussion, even when using LCA as the 
basic approach.  For instance, to return to the illustration provided by Energy from Waste, the question as 
to whether utilisation for energy or material recovery constitutes the “optimal” use of a waste material has 
yet to be resolved with many studies arriving at different conclusions (see in particular Ekvall and 
Finnveden 2000).  Some studies are very focused in defining optimal as reducing greenhouse gas (GHG) 
emissions (Gielen et al 2001).  While in the case of wood waste, the decision on burning, burying or 
recycling end-of-life material impacts how much wood must come from the forest and whether or not the 
forest products will be a burden or a resource to society at the end of a product’s life (Wernick et al 1998). 
The amount of work involved in LCA and the difficulties in interpreting results may in part explain why there 
has been no detailed LCA work undertaken on resource recovery options in the Greater Sydney Region.  
However it is recognised that the challenge for environmental decision-making around choices of resource 
recovery options is to integrate environmental rationale into domains where decisions had been 
traditionally made on the basis of economic and performance considerations (Blum et al 1998).  This style 
of approach was attempted in the Wright Report. 
 
5.2 Overview and Objectives of the Inquiry into Alternative Waste Management 
Technologies and Practices 
The Alternative Waste Management Technologies and Practices Inquiry was established in 1999 by the 
then NSW Minister for the Environment, the Hon. Robert Debus.  The terms of Reference appeared in the 
Sydney Morning Herald on 31 July 1999 and were quoted in the Wright Report (2000) as being:  
“Describe and assess current and emerging waste management technologies and practices in Australia 
and overseas.  These technologies are to be assessed in terms of: 
(1) Potential impact on the environment in terms of local, regional and global air, land and 
water impacts and amenity. 
(2) Contribution to waste avoidance and beneficial reuse of resources. 
(3) Contribution to waste reduction. 
(4) Environmental and economic benefits and costs of the alternative technologies 
expressed: per tonne of waste input; per tonne of waste diverted from landfill; per tonne of 
recovered secondary resources or recovered energy value. 
(5) Technical performance and operational reliability. 
(6) Factors affecting the capacity for accelerating the implementation of alternative waste 
management technologies and practices in NSW in the short, medium or long term.” 
The Inquiry panel was chaired by Tony Wright, a consultant who was the former CEO of Sydney Water.  
Also on the panel was Cathy Zoi, another consultant who had recently been the Executive Director of the 
Sustainable Energy Development Authority prior to joining industry and Dr Garry Smith, the principal 
environmental scientist for the Sutherland Shire Council.  Paul Fuller, a staff member of the Environmental 
Protection Authority of New South Wales was also seconded to the Inquiry. 
As part of the Inquiry process, 80 submissions from a mixture of private companies, public organisations 
and individuals were received regarding the issue of alternative waste management practices.  The final 
report was published during April 2000 by the State Government of NSW through the Office of the Minister 
of the Environment.  The full text is available through the Environment Protection Authority’s website, 
http://www.epa.nsw.gov.au/waste/inquirytext.pdf  
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The report of the Alternative Waste Management Technologies and Practices Inquiry is structured in the 
following manner: 
• Firstly, following a lengthy executive summary and a series of 14 recommendations, an initial 
presentation of background information on the state of current waste management in New South 
Wales14 was made (note that much of this information has been made use of in Section 4). 
• Secondly, a description and assessment on international waste management practices was 
provided which served as a precursor to an overview of the waste management/resource 
recovery technologies that were evaluated in greater detail.  These technologies were grouped 
according to mechanical separation, biological technologies, thermal technologies and landfill, 
which was included as the base case for comparison. 
• Thirdly, following the description of the technologies, an evaluation of the technology performance 
was provided.  The results were presented in a summary table that can arguably be interpreted as 
indicating the optimal utilisation option. 
• Fourthly, a brief overview of the products and market situation for recovered resources in NSW 
was provided.  This was followed by a survey of international waste management practices, as 
distinct from technologies and included items such as waste avoidance and minimisation, in 
addition to integrated waste management practices. 
• Finally, several generic (non-technology specific) scenarios for waste management were 
presented for the Greater Sydney Region. 
Some of the key Inquiry conclusions and recommendations included: 
• The implementation of a mix of technologies, practices and strategy, referred to as the triple 
manifesto of the Inquiry, 
• The stimulation of the marketplace through Government purchasing power, and assistance with 
the planning process, 
• The provision of support for the development of a portfolio of current and emerging technologies, 
for example through low interest loans, 
• The adoption of integrated waste management as part of the strategic framework in NSW.  The 
Inquiry defined integrated waste management as comprising three components of waste 
streaming (collection and aggregation of like materials), system integration (linking of waste and 
resource recovery activities) and industry arrangements (well defined roles for the private and 
public sectors in waste management), 
• The achievement of greater recycling, reprocessing and material reuse, 
• The development of greater integration between the private and public sectors, for example 
through the establishment of a stakeholder taskforce with broad representation, and 
• The promotion of market development and research and development for waste management. 
                                                          
14 Note that actual data presented was for the “Sydney Metropolitan Area”.  In this thesis it has been assumed that data presented for the “Sydney Metropolitan Area” is 
comparable to the “Greater Sydney Region” and that this means the areas contained by the Inner, Northern, Southern and Western Wasteboards (see Section 2.4 
and Appendix 1).   
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There were also a range of technologies (utilisation options) recommended for commercialisation based on 
the results of comparison including: 
• Material recovery facilities (MRF) for source separated recyclables, 
• Enclosed composting, 
• Vermi-composting, and 
• Open windrow composting. 
Further discussion of the results of the technology comparison and selection (basically increasing MRFing 
and developing composting facilities) is provided in Section 5.3.  However, the methodology in determining 
these recommendations is vital to understanding the results and especially the potential for bias that can 
exist in the evaluation process.  The methodology used in making the above technology selection is 
discussed in the following section. 
 
5.3 Methodology for Technology Comparison used in the Inquiry into Alternative Waste 
Management Technologies and Practices 
5.3.1 Overview of Approach 
The objective of the Inquiry with regard to technology comparison and evaluation was stated as being “to 
test each technology, within its operating context, against, technical, environmental and social criteria” 
(Wright et al 2000). 
The Inquiry noted that no one technology offered a complete solution and also that the technologies were 
not directly comparable (hence the need for integration in a technology portfolio).  This comment that the 
direct comparison of technology classes was inappropriate was repeated, in combination with the opinion 
that the evaluation was more general than would have been ideal.  However, these reservations did not 
stop the Inquiry from proceeding with a technology evaluation or with making conclusions on the basis of 
the evaluation results.   
Life Cycle Analysis was considered as a framework for the evaluation, however it was discarded as an 
option because of the lack of a comprehensive data base and refined technique for New South Wales.  
Instead the Inquiry adopted a multi-criteria decision making approach that picked up elements of technical, 
environmental, social and environmental concerns.   
The Inquiry did not look at individual brands of technology, but rather at generic classes of technology 
types.  Fourteen classes of technology were selected (see Table 9 for a breakdown and description of the 
technology types).  Each of these technologies was measured and compared against 16 evaluation criteria 
which are discussed in Section 5.2.2.  The technologies reviewed were grouped in the following categories: 
• Mechanical Separation Technologies 
• Biological Technologies 
• Thermal Technologies 
• Landfill Technologies 
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Table 9: Technologies, their classification and a brief description as used by the Alternative Waste Management Technologies and Practices (Wright et al 2000) 
Technology Inquiry Grouping Brief Description 
Material Sorting Mechanical Separation 
Technologies 
The use of automated and manual sorting approaches to separate mixed recyclable materials into groups of specific materials, for instance, the 
separation of paper, plastic, metal and glass from kerbside recycling collections. 
Waste Separation Mechanical Separation 
Technologies 
The use of machines such as drums and pulverisers to separate mixed residual waste with aim of recovering material streams for further 
processing or to reduce the volume of waste requiring disposal. The recovered material streams include an organic rich fraction (food and some 
paper), a high calorific fraction (plastic and paper), an inert fraction (glass and stones) and metals. 
Land Application Biological Technologies Direct soil injection of organic wastes such as sewerage sludge and grease trap waste to increase nutrient availability. 
Open Windrow 
Composting 
Biological Technologies Composting (microbial decomposition under aerobic conditions) in open windrows of garden organic, food and sewerage sludge to produce a soil 
conditioner product.  Windrows need to be turned often to maintain aerobic conditions and the process takes 6 – 12 weeks. 
Vermicomposting Biological Technologies The use of worms to consume organic material such as food, sewerage sludge and animal waste – garden organics are often used for bulk.  A soil 
conditioner product is manufactured. 
Enclosed Composting Biological Technologies The control of composting conditions (atmosphere and moisture) to improve decomposition rates and control odour from sources such as 
sewerage, food and garden organics.  Variations include rotating drums, box composting and tunnel composting.  Again a soil conditioner is 
made. 
Anaerobic Digestion Biological Technologies The microbial decomposition of organic materials in the absence of oxygen in digester tanks or reactors that control temperature and pH levels.  
Methane is produced for energy generation, in addition to a rich organic digestate. 
Fermentation Biological Technologies The biological degradation of organic materials to produce a chemical feedstock or fuel (usually ethanol). 
Mechanical Biological 
Treatment 
Biological Technologies Waste separating in combination with a compositing approach to reduce the carbon content and volume of mixed municipal solid waste.  Can also 
be used to produce a fuel product referred to as refuse derived fuel (also as process engineered fuel). 
Incineration Thermal Technologies Heat and steam for energy generation is produced from mass combustion of mixed waste materials, in addition to fly and bottom ash.  Air pollution 
control is very important because of the potential for particulate, oxides of nitrogen, dioxin, furan, polyaromatic hydrocarbons  and heavy metal 
contamination. 
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Technology Inquiry Grouping Brief Description 
Pyrolysis/Gasification Thermal Technologies New application of mature technologies.  Pyrolysis involves indirect heating of carbon rich material in the absence of oxygen and under pressure 
to produce a char product, a synthetic fuel oil and some combustible gases.  Gasification involves a similar process except that it is a reduced 
oxygen concentration and the major product output is a combustible fuels gas (syngas).  Fuels can be combusted directly, used to raise steam or 
used as inputs to other industrial process (for example chemical manufacture). 
Waste Melting Thermal Technologies Thermal technologies that operate at elevated temperatures to produce an inert glassy slag, a recyclable metal mat and a minor amount of 
residual (<1%).  There are two types, an oxidation process to oxidise carbon content and a reduction process where a plasma arc is used to 
reduce carbon to a combustible gas in addition to slag. 
Conventional Wet 
Landfill 
Landfill Technologies The disposal of waste to land relying on anaerobic decomposition involving hydrolysis (breakdown of complex organics to monomers), acidification 
and methanogenesis (formation of methane and carbon dioxide) to stabilise the material.  Combination of liners and natural geological barriers are 
used to control impact.  Landfill gas is collected through pipes and appropriate lining systems to minimise fugitive emissions.  This gas is either 
flared or used to drive internal combustion engines to generate electricity. 
Conventional Dry Landfill Landfill Technologies Conventional landfill approach in areas of low rainfall that reduces or eliminates leachate and landfill gas generation. 
Bioreactor Landfill Landfill Technologies Enhanced microbial decomposition through the recirculation of leachate and additional sewerage sludge to accelerate landfill gas generation.   
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5.3.2 Evaluation Criteria 
The evaluation criteria used by the Alternative Waste Management Technologies and Practices Inquiry 
were broken down into four main categories: 
• Technical 
• Environmental 
• Social 
• Economic 
5.3.2.1 Technical Issues 
There were four criteria considered under technical issues: 
• Technical maturity- the relative development stage that the technology had reached, a score of 
one to five with five being a technology that has been used commercially for many years with at 
least 80% operability and then stepping down to one, this being a concept only stage prior to the 
operation of a pilot plant. 
• Input quality flexibility - the ability to treat varying degrees of waste material composition, a score 
of one to five with five being a technology able to accept all materials, including hazardous waste 
and then stepping down to one, being a technology that was only applicable to a single type of  
waste material. 
• Input quantity flexibility - how adaptive the technology is to changes in throughput quantity, a 
score of one to five with five being the ability to handle wide variations (100%) in input quantity 
and then stepping down to one, being no ability to handle any variations in input quantity. 
• Local availability of technology and expertise - how readily available in Australia are the skills 
required for the technology implementation and maintenance, a score of one to five with five 
being a technology with world class expertise residing in Australian and then stepping down to 
one, being a technology that has no local expertise. 
5.3.2.2 Environmental Issues 
There were five criteria considered under environmental issues: 
• Resource conservation - the substitution of recovered resources for virgin feedstocks, a score of 
one to five with five being a high potential savings of materials and/or energy and then stepping 
down to one being a high potential loss of materials and/or energy. 
• Solid residues - the amount of residual material requiring disposal at the end of a technology 
process, a score of one to five with five being a technology with virtually no residuals created and 
then  stepping down to one being a technology that only provides a small amount of material 
reduction (high residues requiring disposal). 
• Greenhouse gas emissions - the emission of greenhouse gases such as carbon dioxide (C02) and 
monoxide, nitrogen oxides, no-methane organic compounds and fluorocarbons, aggregated in 
terms of C02 equivalents, a score of one to five with five being a technology with beneficial 
greenhouse gas emissions (beneficial is not defined, but is assumed as referring to technologies 
that provide some kind of carbon sink) and then stepping down to one, being a technology with 
detrimental greenhouse emissions (no further definition of detrimental was given). 
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• Risk of water emissions and risk of air emissions - conducted “according to the 
probability/consequence matrix outlined in the Australian risk assessment standard”.  No further 
explanation was given, so it is assumed that the process involved ranking the risk from one to five 
in terms of impact of the risk and likelihood of occurrence, with five being very high, four being 
high, three being medium, two being low and one being very low. 
5.3.2.3 Social Issues 
There were four criteria considered under social issues: 
• Community involvement in resource conservation - the extent to which “communities” (citizens 
and businesses) are able to be involved with the technology and associated practices, for 
instance though purchasing of products made by the technology, a score of one to five with five 
being high involvement that results in contribution to community capital and then stepping down to 
one being no scope for community involvement or participation. 
• Public perception, an assessment of attitudes toward technology options that were derived not 
from public polling, but from previous publications such as “Who Cares about the Environment?” 
(EPA 1997) and uncited references to public reactions on technology choices in Australia and 
overseas, a score of one to five with five being for high public confidence and then stepping down 
to one, being a broad hostility to the technology. 
• Amenity impacts - the impacts of traffic noise, operation noise, dust and odour and visual impact 
that affect local amenity, a score of one to five with five being negligible impact reduced to point of 
generation and truck movements and then stepping down to one, being major impacts that are 
unavoidable because of the nature of the technology. 
• Employment impacts - the direct and indirect jobs that are created as a result of the technology 
intervention, a score of one to five with five being significant direct/indirect employment and skill 
development opportunities and one being very low employment opportunities.  
5.3.2.4 Economic Issues 
There were four criteria considered under economic issues: 
• Net cost per tonne - estimated from capital and operational numbers supplied by technology 
providers and obtained from independent sources.  Although not defined it is assumed that net 
cost refers to the cost to the operator as opposed to the gate fee charged to end users or the 
whole of life cycle costs minus whole of life cycle benefits.  A score of one to five with five being 
less than $50 per tonne and stepping down to one, being a cost of more than $200 per tonne. 
• Cost/scale sensitivity - the scale of operation that is required for viability, a sore of one to five with 
five being the ability of the technology to operate as a small, medium or large size with little 
variation in processing cost and then stepping down to one, being the requirement to operate on a 
large scale to achieve viability. 
• Net benefits per tonne - the revenue generated through sale of resources on a per tonne of input 
basis, a score of one to five with five being more than $70 per tonne and then stepping down to 
one, being less than $10 of revenue per tonne. 
• Market availability for products - the measure of market maturity and availability for products 
produced though the technology intervention, a score of one to five with five being for 
technologies that make products with a large proven market and then stepping down to one, 
being technologies that produce products with a marginal or negative value. 
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5.3.3 Scoring System 
As is demonstrated in the overview of the assessment above, each of the evaluation criteria were allocated 
a score out of five.  This was not a quantifiable result and in every instance involved a subjective 
judgement from the inquiry panel (to a greater or lesser degree15).  Additionally, the panel introduced the 
concept of a half score at several points within the scoring table.  This effectively changes the scoring 
system to an “out of ten” approach. 
The scores were not scaled against each other (as a relative assessment) but were treated as absolutes.  
Each of the four grouping categories of Technical, Environmental, Social and Economic were given an 
equal weighting of 25%.  With each of the grouping categories, the individual criteria were weighted on the 
basis of an estimation of the relative importance of each criteria, again made by the Inquiry Panel and then 
summed to give a single score. 
No explanation was given of the preferences that were being expressed though the use of the scaling 
constants (weights), or of the perspective that the Inquiry was taking when allocating their preferences (for 
example, the primary decision maker in the process). 
The Panel claimed to have considered a “variety of alternative weighting patterns”, however the results of 
these considerations were not presented, only the assertion that the results were “not sensitive to modest 
changes in key criteria”. 
 
5.4 Assessment of the Results of the Inquiry into Alternative Waste Management 
Technologies and Practices 
The results of the technology assessment by the Inquiry into Alternative Waste Management Technologies 
and Practice are presented in the table overleaf.  
Looking at the generic groupings of technology type, Mechanical Technologies (material sorting and waste 
separation) scored on average 71.7 points out of one hundred.  This was defined as scoring “very well”.  
Biological Technologies (for example composting and anaerobic digestion) scored on average  66.4 points 
out of one hundred and were rated as scoring “very well” in the body text and “well” in the executive 
summary.  Thermal Technologies (incineration, pyrolysis/gasification and waste melting) scored poorly with 
an average 58.1 points out of one hundred.  Incineration was rated as scoring poorly (50.8) with the 
remainder rated as scoring moderately well (61.7).  Landfill Technologies (conventional wet and dry landfill 
and bioreactors) scored on average 60.9 points on average and were rated as scoring moderately well. 
This suggests the following interpretive scale for each utilisation option: 
• Very well – over 72 points 
• Well – between 64 and 70 points 
• Moderately well – between 60 and 64 points 
• Poorly – below 60 points 
 
                                                          
15 Perhaps with economics having the least appearance of subjectivity but at the same time containing the greatest controversy from the point of view of technology 
vendors.  
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Table 10: Results of the technology assessment by the Inquiry into Alternative Waste Management Technologies and Practices (Wright et al 2000) 
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8 7 6 4 25 6 6 5 4 4 25 8 8 5 4 25 8 7 5 5 25 100.0
Mechanical Material Sorting 5 3 3 5 19.8 5 4 4.5 5 4 22.5 5 4 3 5 21.4 3.5 3 4 4 17.8 81.5
Mechanical Waste Separation 4.5 4 3 4 19.6 4 2 4 3 3 16.0 1 3 3 2 11.0 5 3 1 2 15.2 61.8
Biological Land Application 4 1 3 4 14.6 4 5 4 3 4 20.4 1 2 4 2 10.4 5 3 1 3 16.2 61.6
Biological Open Windrow Composting 5 2 4 5 19.6 4 3 3 3 2 15.4 4 3 2 2 14.8 5 4 2 3 18.6 68.4
Biological Vermi-composting 4 2 3 5 16.8 4 3 4 3 3 17.2 4 4 3 2 17.4 5 3 3 3.5 18.7 70.1
Biological Enclosed composting 5 2.5 3 4 18.3 4 3 4 5 4 19.6 4 4 3 3 18.2 4 3 2 3 15.6 71.7
Biological Anaerobic Digestion 5 2 3 3 16.8 4.5 3 4 2 3 17.0 3 3 3 3 15.0 3.5 3 2 4 15.8 64.6
Biological Fermentation 3.5 2 3 2 13.6 4 3 4 3 3 17.2 3 3 3 3 15.0 3 3 2 5 16.0 61.8
Thermal Incineration 5 4 3 2.5 19.2 2 4 3 4 2 15.0 1 1 2 2 6.8 1.5 1 2 4 9.8 50.8
Thermal Pyrolysis/Gasification 3.5 3 3.5 3.5 16.8 3 4 3 3 2 15.4 3 3 3 3 15.0 3 3 2 4 15.0 62.2
Thermal Waste Melting 2.5 5 3 3 17.0 3 5 3 4 2 17.4 2 3 3 2 12.6 2.5 3 2 4 14.2 61.2
Landfill Conventional Wet Landfill 5 4 5 5 23.6 1 1 2 2 3 8.4 2 2 1 2 9.0 5 5 1 4 20.0 61.0
Landfill Conventional Dry Landfill 5 4 5 5 23.6 1 1 3 3 5 11.8 2 2 1 2 9.0 5 5 1 1 17.0 61.4
Landfill Bioreactor Landfill 4 4 5 4 21.2 1 1 2 3 3 9.2 2 2 2 2 10.0 5 5 1 4 20.0 60.4
Social Economic
Evaluation Criteria Weighting (%)
Evaluation Criteria
Technical Environmental
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5.4.1 Results 
From the above table it is apparent that Material Sorting achieved the highest ranking with a score of 81.5 
while incineration received the lowest ranking with a score of 50.8.  This score for Incineration was 9.6 
points below the lowest landfill case suggesting that any form of landfill was preferable to incineration. 
The next level of performance above incineration grouped eight different technologies together as more or 
less equal as “moderately well” performers (ranging between 60.4 and 61.8, a difference of 1.4 points).  
This grouping included Waste Separation (a mechanical technology), Land Application and Fermentation 
(two types of biological technology), Pyrolysis/Gasification and Waste Melting (two types of thermal 
treatment) and Conventional Wet Landfill, Conventional Dry Landfill and Bioreactor Landfill (three types of  
landfill technology). 
Between the group that perform “moderately well” and “very well” sit four biological technologies that 
perform “well” (scores between 64.6 and 71.7), including Open Windrow Composting, Vermi-composting, 
Enclosed Composting and Anaerobic Digestion.   
This suggests the following position of technology preference: 
 
 
 
 
 
 
 
 
 
 
Figure 9 – Technology preference based on results of the Inquiry technology assessment 
A discussion of the results and of the limitations of the approach to the technology assessment is 
presented in the section below. 
 
5.5 Critical Evaluation of Inquiry Methodology 
From these results it is very difficult to develop a preferred position on alternative waste management 
technologies.  Problems include no identification of decision makers and problem definition, technologies 
omitted from assessment, selection of system boundary and criteria for evaluation, scoring methodology 
and no sensitivity analysis on the results.  These issues make it difficult to interpret the Inquiry’s results.   
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Part of the problem may have been owing to restrictions established by the terms of reference.  However a 
closer examination of the terms of reference and the technology assessment reveals omissions critical to 
assessing optimal resource recovery.  Furthermore the Inquiry was not limited to the terms of reference 
and was entitled to expand the scope.  A detailed critique of the methodology of the Inquiry is presented in 
the discussion below based on the discussion presented in Sections 2, 3 and 4.  
5.5.1 Definition of Problem and Identification of Decision Makers 
The purpose of the Inquiry, while being stated in the final report, is unclear in the sense that the problem 
that the technology assessment was attempting to resolve was not clearly articulated.  The stated purpose 
was to “inform decisions about future waste management infrastructure and practices in New South Wales” 
and seems to indicate an attempt to identify the optimal technology option for resource recovery.  This 
however begs the question “selection of technology by whom and for what purpose”? 
It is important that the problem and decision makers be clearly defined because this gives the context for 
interpreting the results of the evaluation and also for understanding the allocation of weightings.  As it 
stands the Inquiry presented what appears to be an independent review of technology types.  However, by 
attempting to be a “disinterested spectator” the Inquiry’s results are too generalised and are arguably 
misleading by being divorced from a clear problem and decision maker. 
Furthermore, by presenting results in terms of a “scorecard” approach, the suggestion is made that the 
highest score represents the optimal technology choice.  Alongside the lack of problem definition, is a lack 
of definition with regard to what is optimal.  Options for what optimal could entail include least material 
going to landfill, highest resource value recovery, least energy used, least water used, least transportation 
required, least cost, highest economic return and least risk to name but a few.  While there may be 
elements of these within the Inquiry’s assessment, there was no clear definition of optimal.  This also 
makes it hard to interpret weightings of scores because of the lack of priorities.  
5.5.2 Selection of Technology for Assessment 
The Inquiry made a large omission from the technologies included for assessment.  Namely, that there was 
no Energy from Waste utilisation option considered, even though at the time of the Inquiry there were 
projects under consideration that used process engineered fuels, such as wood derived fuel into power 
stations (for example, a publicised trial of wood fuel into Macquarie Generation’s Liddell Power Station 
located in the Hunter valley, two hours north of Sydney – Biomass Taskforce 1999).   
There is also the issue related to the consistency of the input material upon which the technology 
performance was assessed (termed the functional unit in a Life Cycle Assessment).  In order to compare 
apples with apples there is a need to make an assessment on the basis of the same performance 
parameters.  For example, using fifty thousand tonnes of municipal solid waste comprising representative 
proportions of paper, food, wood, other organics, glass, plastic, metals and inert materials.   
Such an approach of standardising the system boundary would have significantly changed the results as 
some technology options were judged on the basis of a mixed waste stream input while others are 
assessed on the assumption that a source separated waste stream was received.  For example, material 
sorting and anaerobic digestion, the first assumes that the technology receives only dry recyclable 
household materials, the second that the technology only receives food and organic material.  However, 
“incineration” is assessed on a mixed waste stream feed.   
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This inconsistency acts as a false negative screen.  For example if wood waste is used as a power station 
fuel (classified by the Inquiry as incineration), it would cost less than $5016 per tonne of input (Score 5 
instead of 1.5), could be undertaken on any size batch amounts (score 5 instead of 1 for cost/scale 
sensitivity), generate 1.5 MWh of electricity per tonne of input17, able to be sold for $37.5 using $25 MWh 
as the estimate for the pool price of electricity (Score 3 instead of 2 for net benefits per tonne input18) and 
would have the same market availability result (score 4) giving a total score of 22 for the economic section 
(using the same weighting as the Inquiry).  This would have given this form of “incineration” the highest 
technology score of the recovery options, as opposed to 9.8, which was the lowest score.  This highlights a 
serious deficiency in the results as presented.  As the results stand, any form of combustion is presented 
as the worst option for resource recovery.   
The strong performance of the landfill technologies, arguably indistinguishable from anaerobic digestion, 
pyrolysis/gasification, waste separation, fermentation, land application and waste melting, suggests that 
landfill (as opposed to any form combustion based energy recovery) would be the preferred technology 
choice for managing residual waste, ranging from some 60% of waste generation (approximately 4 million 
tonnes) to the most optimistic of forecasts19 of 15% (approximately 1 million tonnes).   
This residual amount would continue to grow as the population increased, meaning that increased access 
to landfill would be required.  This preference is seemingly at odds with the purpose of an inquiry into 
alternative technologies to landfill and again highlights deficiencies in the approach. 
5.5.3 Selection of System Boundary 
The system boundary is an imaginary line that is drawn around elements within a system model that are 
included in the assessment framework.  It is not clear where the Inquiry draws their system boundary for 
the technology assessment as the boundary selection was implicit, not explicit.  Data presented in the 
report suggests a system boundary of the Greater Sydney Region.  However in the assessment there is no 
indication of any transport between material source and sink, which runs contrary to this suggestion.  
In addition, the application of system boundary was not standard across the technology options.  For 
instance the boundary around the waste streams included for assessment against a recovery option 
differed across options, making comparison difficult.  Also there was no indication of foreground and 
background boundary choices (background system elements are recognised as contributing to foreground 
elements in a manner relevant to the assessment at hand and are thus included in the assessment).  For 
instance, any extra impacts from increased effort and cost/benefit in source separation in addition to 
increased transport were excluded from the assessment, as opposed to being included as part of the 
background system.  This was not clearly stated in the Inquiry and is a weakness as it creates uncertainty 
as to the applicability of the assessment results. 
5.5.4 Selection of Evaluation Criteria 
There were evaluation criteria that were omitted from the assessment.  The Inquiry was not limited to the 
terms of reference and could have included additional criteria, which if included, could have substantially 
altered the results.   
                                                          
16 Assuming cost of $20 per tonne of wood grinding, $20 per tonne for transport and $10 per tonne for on-site expenses. 
17 Assuming a net electrical efficiency of 33.3% and a calorific value of wood at 16 GJ tonne = 0.333*16*109 J /3600s  = 1.5 MWh . 
18 At the time of the Inquiry (April 2000), the Mandatory Renewable Energy Target, while being discussed, has not yet been legislated.  As such there was no 
generation of Renewable Energy Certificates (RECs), worth approximately $40 per MWh of electricity produced from a renewable source.  This could have added an 
additional $60 of benefit to the wood waste as a fuel scenario and increased the score to 5. 
19 Forecast based on Greenpeace’s Cool Waste Management (2003) using 70% diversion from source, and a composting technology to reduce the residual of 30% in 
half, to result in 85% diversion from landfill. 
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Firstly, looking at omissions from within the terms of reference, is the “contribution to waste reduction” 
component of a technology option, taken here to mean the amount of waste that the technology will 
remove from landfill.  Waste reduction differs from input quantity and quality flexibility criteria in that it uses 
the mass flows of the total waste stream as a reference point, as opposed to the individual technology.  
The technology assessment did not have any criteria that addressed this issue.  This omission could have 
biased the results in favour of the preferred technology, Material Sorting, in that the technology is only 
applicable to approximately 15% of the total waste stream generated (dry recyclables in the Municipal Solid 
Waste stream).  Also such a criterion would have penalised the landfill technologies for not contributing to 
waste reduction, reducing their overall performance. 
Additionally there was no criterion for the political desirability of a project, that is, whether there was likely 
to be significant political opposition to a project given the political, legislative and regulatory context 
described in Section 2 and 3.  The percentage of material recovered by a technology option and the extent 
to which that recovery represented the highest resource value was also not considered, even though one 
of the drivers identified was sustainable development, incorporating aspects of resource efficiency in 
addition to the use of “highest resource value” being well established in the industry.  Another omission 
was that of avoided fossil fuel burden, whereby technology options that replace fossil fuels can score a 
credit in the assessment process.  This could have had an improved outcome for “incineration”. 
Other evaluation criteria that could have been explored include separating out criteria according to whether 
they are a stockpile, transport or sink issue in order to clearly articulate issues associated with the value 
chain of a technology option in addition to considering the lead time in establishing a technology option.  
These omitted evaluation criteria could have significantly altered the evaluation results and this uncertainty 
undermines the credibility of Inquiry’s results. 
5.5.5 Evaluation of Options 
Not addressing issues such as waste reduction as a criterion for evaluation also highlights some of the 
inconsistencies in scoring.  For instance, Material Sorting, a technology that only is applicable to one waste 
stream, (domestic dry recyclables), scored a “3” (able to recover from the bulk of waste) as opposed to a 
“2” (applicable to only one waste stream).   
A further problem identified is the inconsistent approach to scoring.  For instance the use of half scores 
creates an “out of ten” scoring system which is inappropriate given the lack of certainty of a qualitative 
approach that is only meant to provide an indicative assessment on generic classes of technologies.  Also 
the Inquiry failed to define the meaning of the half score or the circumstances for its use. 
Other issues arise from the fact that the results are qualitative yet are presented in a quantitative form, 
misrepresenting the certainty of a score.  There was no gauge given as to the quality of the data used to 
derive the score (for example, judgement, referenced fact, industry quote or independent expert opinion).  
Also as was highlighted above, the exclusion of certain technologies for assessment in combination with 
comparisons based on inconsistent feed streams significantly skewed the scores.   
Other problems arose from the non-transparent allocation of weightings in isolation from any kind of 
defined goal for optimisation.  It was not stated what perspective the Inquiry was taking in the allocation of 
its preferences for issues of importance.  The scores were weighted (apparently arbitrarily) within the 
grouping categories of technical, environmental, social and economic, and these overall grouping 
categories were equally weighted (again with no justification).   
All of the weighted criteria scores were then simply added to give a total score out of one hundred.  One of 
the problems with this approach is that it “rewards” the worst performer in each criterion.  For instance, if 
the weighted worst score was a three for a particular criterion, then that technology option would “add” 
three to its overall score, even when the best performer only scores a four, a difference of only point 
between the best and worst options.   
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This approach makes it difficult for a relative performance assessment to be made as it is not known 
whether a one point difference is significant to the overall rankings in score.  A preferred approach would 
be to scored each option relative to its performance against other options within each criterion. 
Furthermore the results are presented as a single summary score.  A single summary score shares the 
same difficulty as a single point indicator in that it can hide unacceptable levels of performance within the 
overall result (Stewart and Petrie 1999).  These factors combine to further erode the validity of the scoring 
process and of the results presented. 
5.5.6 Sensitivity Analysis of Results 
As was noted earlier, the Panel asserted that the results were “not sensitive to modest changes in key 
criteria”.  In order to test the sensitivity of the Inquiry results, the a range of analyses were undertaken to 
investigate the potential for change within the final technology scores.  These involved changing the 
weighting allocations of the overall grouping categories of technical, environmental, social and economic 
between 10% and 70%, while keeping the original weightings of each criterion either the same as was 
allocated by the Inquiry, or equalising the criteria weights within each grouping category (see Appendix 3). 
The results are presented as the numerical score and ranking in Tables 11 and 12 respectively and show 
that the scores of the technology assessment conducted by the Inquiry are very sensitive to changes in 
weighting allocations (contrary to assertions made in the Inquiry’s report).  This is shown in the changes 
experienced when the Technical grouping is given a 70% weighting and all other weightings are held equal 
(Figure 10).  In this instance conventional landfill (both wet and dry) becomes the preferred utilisation 
option and only three options, Incineration, Land Application and Fermentation are screened against as 
being “moderately well” or “poor “performers. 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 – Change in technology preference based on results of sensitivity analysis giving a 70% 
weighting to technical groupings with all other weightings held equal  
This change in scoring highlighted in Figure 10 above and further elaborated by the changes in overall rank 
experienced by all technology options as weightings changed, suggests that the Inquiry’s decision to keep 
the weightings equal between Technical, Environmental, Social and Economic Groupings, directly 
impacted the results, throwing further doubt on the results, conclusions and recommendations. 
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Table 11: Sensitivity analysis of the results of the technology assessment by the Inquiry into Alternative Waste Management Technologies and Practices 
Evaluation Criteria 
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Mechanical Material Sorting 81.5 81.9 81.0 81.5 80.1 80.8 83.2 83.5 86.6 86.8 82.3 82.5 84.0 83.8 79.4 80.0 75.3 76.3 86.8 75.3 81.7 81.7 
Mechanical Waste Separation 61.8 60.4 65.1 63.8 71.8 70.7 62.2 61.1 63.1 62.6 58.2 57.3 51.1 51.2 61.6 59.3 61.2 57.2 71.8 51.1 61.1 61.4 
Biological Land Application 61.6 61.3 61.0 61.0 59.7 60.5 65.6 65.0 73.6 72.5 57.6 58.0 49.6 51.5 62.2 61.0 63.5 60.5 73.6 49.6 61.4 61.0 
Biological Open Windrow Composting 68.4 66.3 70.4 69.0 74.4 74.5 67.0 65.0 64.3 62.5 66.6 64.0 62.9 59.5 69.6 67.0 72.0 68.5 74.5 59.5 67.3 67.0 
Biological Vermi-composting 70.1 68.9 69.5 69.1 68.4 69.6 69.8 68.7 69.3 68.4 70.0 68.1 69.8 66.6 71.0 69.6 72.9 71.1 72.9 66.6 69.5 69.5 
Biological Enclosed composting 71.7 70.6 72.0 71.0 72.6 71.8 73.0 72.5 75.7 76.3 71.9 70.5 72.4 70.3 69.8 68.5 66.1 64.3 76.3 64.3 71.2 71.7 
Biological Anaerobic Digestion 64.6 63.4 65.1 63.7 66.2 64.4 65.3 63.9 66.6 65.0 63.7 62.7 61.8 61.4 64.3 63.2 63.8 62.9 66.6 61.4 64.0 63.8 
Biological Fermentation 61.8 61.4 60.3 59.6 57.4 56.1 63.2 62.7 66.0 65.4 61.4 61.1 60.7 60.6 62.2 62.1 63.1 63.6 66.0 56.1 61.6 61.6 
Thermal Incineration 50.8 51.3 56.0 55.5 66.4 64.0 52.6 53.0 56.3 56.5 46.1 47.0 36.6 38.5 48.5 49.5 43.8 46.0 66.4 36.6 51.0 51.0 
Thermal Pyrolysis/Gasification 62.2 61.9 63.2 63.0 65.2 65.3 62.1 61.5 61.8 60.8 61.8 61.5 60.9 60.8 61.8 61.5 60.9 60.8 65.3 60.8 62.0 61.8 
Thermal Waste Melting 61.2 60.8 62.6 62.1 65.3 64.8 62.9 62.2 66.2 65.1 59.0 58.6 54.7 54.3 60.3 60.1 58.6 58.8 66.2 54.3 61.0 61.0 
Landfill Conventional Wet Landfill 61.0 60.3 67.7 67.2 81.0 81.1 55.5 55.4 44.6 45.7 56.0 55.2 46.0 45.1 64.8 63.2 72.4 69.1 81.1 44.6 60.6 60.6 
Landfill Conventional Dry Landfill 61.4 60.5 68.0 67.4 81.2 81.2 58.6 58.8 52.9 55.4 56.3 55.4 46.2 45.2 62.7 60.4 65.4 60.2 81.2 45.2 61.0 60.3 
Landfill Bioreactor Landfill 60.4 60.0 65.3 65.0 75.0 75.0 55.7 56.0 46.2 48.0 56.3 56.0 48.2 48.0 64.3 63.0 72.2 69.0 75.0 46.2 60.2 60.2 
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Table 12: Sensitivity analysis of the results of the technology assessment presented as overall ranks 
Evaluation Criteria 
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Mechanical Material Sorting 1 1 1 1 3 3 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 
Mechanical Waste Separation 7 11 8 8 7 7 9 10 9 8 9 10 9 10 12 13 11 13 13 7 10 9 
Biological Land Application 9 8 12 12 13 13 5 4 3 3 10 9 10 9 9 10 9 10 13 3 9 9 
Biological Open Windrow Composting 4 4 3 4 5 5 4 4 8 9 4 4 4 7 4 4 5 5 9 3 5 4 
Biological Vermi-composting 3 3 4 3 8 8 3 3 4 4 3 3 3 3 2 2 2 2 8 2 4 3 
Biological Enclosed composting 2 2 2 2 6 6 2 2 2 2 2 2 2 2 3 3 6 6 6 2 3 2 
Biological Anaerobic Digestion 5 5 8 9 10 11 6 6 5 7 5 5 5 4 6 5 8 8 11 4 7 6 
Biological Fermentation 7 7 13 13 14 14 7 7 7 5 7 7 7 6 10 8 10 7 14 5 9 7 
Thermal Incineration 14 14 14 14 9 12 14 14 11 11 14 14 14 14 14 14 14 14 14 9 13 14 
Thermal Pyrolysis/Gasification 6 6 10 10 12 9 10 9 10 10 6 6 6 5 11 9 12 9 12 5 9 9 
Thermal Waste Melting 11 9 11 11 11 10 8 8 6 6 8 8 8 8 13 12 13 12 13 6 10 10 
Landfill Conventional Wet Landfill 12 12 6 6 2 2 13 13 14 14 13 13 13 13 5 5 3 3 14 2 9 12 
Landfill Conventional Dry Landfill 10 10 5 5 1 1 11 11 12 12 11 12 12 12 8 11 7 11 12 1 9 11 
Landfill Bioreactor Landfill 13 13 7 7 4 4 12 12 13 13 11 11 11 11 6 7 4 4 13 4 9 11 
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5.6 Summary of the Inquiry into Alternative Waste Management Technologies and 
Practices 
The Inquiry into Alternative Waste Management Technologies and Practices represents the first attempt in 
New South Wales to grapple with the issues surrounding optimal resource recovery.  As such it provides a 
good starting point to engage with questions surrounding resource recovery.  However, as was shown in 
the above critique of the evaluation methodology, the framework for assessment was flawed and calls into 
question the results derived from that process.  Thus the Inquiry is unable to give an answer to the 
question “what is the optimal resource recovery option in the Greater Sydney Region?” 
The following summary table presents the positives and negatives of the Inquiry into Alternative Waste 
Management Technologies and Practices and highlights what would be required in a refined model to 
overcome the shortcomings identified in the Inquiry’s approach to option assessment. 
Table 13: Summary of positives and negatives of the Inquiry into Alternative Waste Management 
Technologies and Practices and required improvements for a refined evaluation framework 
Positives Negatives Required Improvements 
• Provided snapshot of waste 
situation in the Greater Sydney 
Region 
• Gave overview of some of the 
alternative resource recovery 
technologies 
• Presented process for 
technology evaluation 
• Incorporated social concerns into 
evaluation 
• Detailed many issues pertinent 
to decision making and resource 
recovery 
• No clear problem definition and 
identification of decision makers 
• Lacking technology options such 
as process engineered fuels 
• No discussion on system 
boundary  
• Lacking additional criteria 
needed for complete evaluation 
eg. contribution to waste 
reduction 
• Inconsistencies in scoring 
approach, for example 
qualitative scoring presented as 
quantitative results 
• No sensitivity analysis hides fact 
that results are influenced 
greatly by weightings 
• Identify problem and decision 
makers 
• Include technology option of fuel 
preparation 
• Define system boundary 
• Select different criteria for 
evaluation 
• Use different scoring approach 
• Conduct sensitivity analysis 
 
 
The above table and previous discussion suggests that the overall process for an evaluation of resource 
recovery options should address the following: 
• Definition of problem and identification of decision makers, 
• Selection of options for comparison, 
• Selection of system boundary, 
• Selection of evaluation criteria, 
• Evaluation of options, and 
• Sensitivity analysis of results. 
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6 CASE STUDY: OPTIMAL RESOURCE RECOVERY OF WOOD WASTE IN 
THE GREATER SYDNEY REGION 
Section 5 identified the requirements for a refined evaluation methodology for resource recovery options 
based on a critique of the methodology that was used in the NSW Government’s Inquiry into Alternative 
Waste Management Technologies and Practices (2000). 
Section 6 develops such a refined evaluation framework and demonstrates its use by using wood waste in 
the Greater Sydney Region as a case study.  The question posed for evaluation is “what is the optimal 
resource recovery option for wood waste in the Greater Sydney Region”.  The methodology used mirrors 
that used for the overall thesis and is presented in the figure below. 
 
 
 
Figure 11: Methodology for assessing optimal resource recovery of wood waste in the Greater 
Sydney Region 
Section 6.1 presents the background and context to wood waste generation and utilisation through an 
introduction to timber products, giving a definition of wood waste and setting the size of the problem. 
Section 6.2 presents the drivers and constraints for optimal wood resource recovery, using Section 3 as a 
starting point (avoiding duplication) and noting points of departure that are introduced with the focus on 
wood.  Section 6.3 then goes on to discuss the sources, transformation flows and sinks for wood in the 
Greater Sydney Region.  This takes into account the supply sources of wood waste in the greater Sydney 
region, the transformation technologies and methodologies for processing wood waste into a resource, and 
the current and emerging markets (sinks) for wood waste products. 
Section 6.4 discusses optimal resource recovery and provides an assessment of wood recovery options.  
This follows the suggested refinements to the assessment framework of the Inquiry into Alternative Waste 
Management Technologies and Practices made at the end of Section 5.  Section 6 is concluded with a 
discussion of the results and a critique of the refined evaluation process.   
The aim of Section 6 is to: 
• Understand the context, drivers and constraints and sources, transformation flows and sinks for 
wood in the Greater Sydney Region, 
• Test a refined evaluation methodology based on the suggested improvements to the Inquiry’s 
framework, 
• Undertake an assessment of optimal wood resource recovery in the Greater Sydney Region, and 
• Identify flaws to the refined framework for assessment and discuss possible solutions.  
 
Context System Model
Drivers and 
Constraints
Assessment 
Framework
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6.1 Context to the Problem – Wood Recovery in the Greater Sydney Region 
6.1.1 Timber Products 
Timber is defined by the New South Wales Timber Marketing Act, 1977 (NSW 2001) as “the wood of any 
indigenous or exotic species of tree” and includes  
 (a)  poles, piles, posts and mine props, 
(b)  sawn, hewn or otherwise processed sections of solid wood including framing timber, sleepers, girders, 
cross-arms and similar objects, 
(c)  milled timber, 
(d)  laminated wood, 
(e)  veneer and plywood, and 
(f)  hardboard, particle board, fibre board, insulation board and similar materials, 
Preservative treated timber, as defined by the above Act, refers to any timber product that is treated by a 
chemical substance as a preservation against attack by wood destroying insects, animals or fungi (ibid 
2001). 
There are two relevant Australian standards which address the correct identification of timber species.  
AS2543 - Nomenclature of Australian Timbers lists commercial and non-commercial tree species that 
are indigenous to Australia.  AS1148 - Nomenclature of Commercial Timbers Imported into Australia 
lists the commercial species of timber imported into Australia (TDA 1989). 
For the purposes of this study timber products have been broken into three categories:  Untreated Timber, 
Engineered Timber Products and Treated Timber.  This approach is consistent with the European practice 
of classifying wood waste into three levels, A-wood (untreated timber), B-wood (engineered timber 
products) and C-wood (treated timber – Warnken 2001). 
6.1.1.1 Untreated Timber 
Timber log products are untreated timbers that are usually categorised as either “softwood” or “hardwood”.  
This division used to refer to the hardness or softness of the timber.  Today, however, softwood is 
identified as timber that comes from coniferous (cone bearing) trees such as pines or firs.  Coniferous trees 
are also characterised by needle-like leaves and are mostly evergreen.  Hardwood comes from trees with 
broad leaves that produce seeds in an enclosed case, for example gum nuts or acorns (TDA 1989). 
6.1.1.2 Engineered Timber Products 
Engineered Timber Products are also known as wood composite products or reconstituted wood panels.  
These include products such as Particleboard, Medium Density Fibreboard (MDF), Plywood, Oriented 
Strand Board (OSB), High and Low Density Fibreboards and Glulam beams.  They are manufactured by 
processing log products into either woodchips, fibres or veneers and then, in combination with a variety of 
predominately formaldehyde based resins, they are processed into board panels. 
6.1.1.3 Treated Timber 
Preservative treated timbers are separated into six grades or hazard levels, namely H1, H2, H3, H4, H5 
and H6.  There is a requirement that each treatment level is displayed prominently on the treated timber  
product (TDA 1997). 
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The main chemicals that are used to preserve timber include: 
a) CCA - Copper Chrome Arsenic, compounds of copper, chrome and arsenic that is recognised by 
a characteristic green colour in the timber.   
b) LOSP - Light Organic Solvent Preservative, introduces pesticides into the timber, usually with no  
colour change.   
c) Other chemicals - these be used to treat timber but are usually only produced from customer 
specification from a treatment plant and are only produced for specific applications.  Such 
chemicals include creosote-in-oil, pigment-emulsified-creosote (PEC), double treatment (CCA 
followed by creosote), treatment with boron compounds and treatment with sodium fluoride. 
d) Supplementary Treatments – are applied on site, usually to improve the timber products response 
to attack by biological agents such as fungi, insects and animals (TDA 1997). 
There are also other preservative treatments that are emerging in Australia as replacements to CCA and 
which are relatively widely used in the USA, the most notable being Alkaline copper quat (ACQ).  ACQ 
uses copper as the biocide and is usually carried by an ammoniacal solution.  The colour of the treated 
timber varies from a light green to a light tan (Solo-Gabriele et al 2000). 
6.1.2 Wood Waste - Definition 
The Environment Protection Authority of New South Wales (1997b) in its Green Waste Action Plan 
included “wood waste” as green waste, along with garden waste and food waste. Wood waste included 
sawn untreated timber, pallets, crates, wood packaging and offcuts.  However, this definition excludes 
waste from engineered timber products and treated timber which arguably should be included in the  
definition “wood waste”. 
Urban wood waste is defined by the Californian Integrated Waste Management Board (CIWMB) as “the 
portion of the wood waste stream that can include sawn lumber, pruned branches, stumps and whole 
trees”.  The primary constituents are wood waste from construction and demolition (C&D), commercial and 
industrial (C&I), Packaging and Transport (P&T) and Utilities sources (CIWMB 1998).  This has some 
advantages over the NSW EPA description, however confuses the issue with regard to green waste. 
For the purposes of this thesis, the definition developed by the NSW Waste Boards will be used.  This 
definition resolves the issue of garden waste by stating that: 
“Wood waste refers to the end-of-life products, failed products, offcuts, shavings and sawdust from all 
timber products.  This excludes both forest residues (often referred to as primary wood waste) and garden 
organics including branches, bushes and tree stumps” (NSWWB 2000). 
Offcuts are the left over unusable pieces of timber created during manufacture.  Shavings of wood can 
range from coarse to fine and also include splinters.  Sawdust can range in size from fine particles to wood 
flour.  Product failure refers either to faulty timber products or faulty manufacture. 
Wood waste from timber related manufacturers (excluding sawmills and particleboard/medium density 
fibreboard manufacturers) is primarily disposed directly to landfill owing to a lack of processing and 
collection infrastructure for alternatives.  Naturally, as time passes, the amounts of wood waste 
accumulating at landfill increase (Figure 12).   
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Figure 12: Representation of the flow of wood products and the accumulation of wood waste at 
landfill 
Wood waste is generated at all stages of the timber product life cycle.  More waste is disposed to landfill at 
each successive stage.  For instance, during harvesting of sawlogs it is rare for any wood waste to end up 
in landfill.  Conversely nearly the majority of end-of-life timber products are disposed of to landfill as they 
have no further value to the consumer and as there is no infrastructure in place to “catch” this potential 
resource. 
It was estimated by the NSW Waste Boards that there was some 350,000 tonnes of wood disposed of to 
landfill each year (2000).  This compares to an estimate of 310,000 tones by the Wright report (2000).  
Using the Waste Board’s estimate and an air dried bulk density of 700 kg per cubic metre of timber 
product20, This is equivalent to some 500,000 cubic metres of solid timber product. 
In 1996/97 New South Wales produced approximately 800,000 cubic metres of timber products in 1996/97, 
while consuming approximately 1,400,000 cubic metres (BIS Shrapnell 1998), a localised trade deficit of 
600,000 cubic metres.  Thus the amount of wood waste disposed of to landfill is approximately equivalent 
to 80% of the trade imbalance of timber products in New South Wales, highlighting the scale wood waste. 
 
6.2 System Drivers and Constraints for Optimal Wood Resource Recovery 
The general drivers and constraints for optimal resource recovery have been discussed in Section 3 of this 
work.  Issues specific to wood waste are discussed below.  Unless otherwise referenced, these drivers and 
constraints have been developed through an informal survey of the industry undertaken during June and 
July 2002 (see Appendix 4).  This survey asked for feedback on current activities in wood resource 
recovery (see Section 6.3.4) in addition to barriers preventing an increase in wood recovery.  
                                                          
20 The density of timber products ranges from 550 kg per cubic metre for soft wood to 1,120 kg per cubic metre of hardwood (Willis 1998).  700kg per cubic metre  has 
been used as an indicative  mean value. 
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6.2.1 Constraint - Contamination of Wood Waste 
Wood reclaimed from a building often contains painted surfaces.  With older structures there is a danger 
that the paint will contain lead.  Painted wood waste may need to be tested for lead levels and may in 
some instances be unsuitable for utilisation (CIWMB 1999).  Other contamination includes metal, plastic, 
paper, glass, bricks and concrete and food.  These contaminants need to be removed prior to processing 
and delivery to market and can often constrain which markets are accessible. 
There are also restrictions to the use of manufactured timber panel product waste and treated timber waste 
owing to a lack of data available for the utilisation of manufactured timber product waste and treated timber 
waste.  For example, resins that are used to manufacture timber panel products are formaldehyde based.  
There is a concern that these resins will adversely affect the end wood waste product, whether in the case 
of increased toxic emissions or in rendering organic media unusable.  These concerns are a barrier to the 
diversion of manufactured timber product waste from landfill. 
There is also no demand for treated timber waste owing again to issues regarding the actions of copper 
chrome arsenate and organic solvent treatments in wood waste products traditionally manufactured from 
untreated timber wood wastes (SBAEP 1998).   
6.2.2 Constraint - Sourcing of Material 
There are various issues associated with sourcing consistent flows of material that meet required quality 
standards.  In the current situation the “high” quality wood waste product industry is being undercut by low 
value materials.  For instance the supply of quality fuel product is being undercut by cheaper supplies of 
wood contaminated with treated timber, plastic and paper.  Further development and investment is 
required to produce quality assured products.  Additionally, a range of markets that recognises and 
rewards quality of product also needs to be established as a concurrent activity. 
6.2.3 Driver and Constraint – Renewable Energy Certificates and Regulations 
Under the Mandatory Renewable Energy Target (MRET) wood waste has been identified as a source of 
renewable energy and as such has exerted a considerable drive to utilise wood as a renewable fuel.  
However the process of obtaining Renewable Energy Certificates (RECs) from wood waste has proven to 
be a significant challenge.  At present, RECs are seen by some electricity generators as a bonus as 
opposed to a fundamental driver for utilising wood derived fuels.  Some power stations are producing 
internal procedures to guide suppliers of wood fuel in the evaluation of REC eligibility.   
In addition to difficulties with obtaining RECs, operators have expressed difficulty in understanding how a 
number of schemes such as the Federal Renewable Energy (Electricity) Act, the NSW Electricity Retailer 
Greenhouse Benchmarks, SEDA’s Greenpower scheme, NSW load based licensing credit trading, 
Greenhouse Gas Abatement programs and Carbon Credit Trading relate to each other.  This difficulty is 
potentially diluting efforts to recover wood waste from landfill. 
6.2.4 Constraint - Transport 
Transport remains a critical issue in wood waste utilisation, particularly since most of the high volume 
markets are located outside the Sydney metropolitan area.  Backloading is one avenue that needs to be 
explored to overcome this issue.  For instance Visy is seeking to overcome transport issues by introducing 
a specialised fleet of high capacity B-Double trucks (140 cubic metres) that deliver paper to Sydney from 
Visy’s paper mill in Tumut (approximately 400 km south west from Sydney), and are then available for 
backloading wood waste to Tumut for use as a fuel for process steam and electricity generation.    
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6.2.5 Constraint - Processing of Materials 
Depending on the application of the wood waste and the quality of the supplied stream, various degrees of 
processing, including size reduction and contamination removal may be required before the wood can be 
used.  This processing is potentially expensive, and significant capital investment into processing 
equipment may be required by suppliers or users to process the material.   
6.2.6 Constraint - Number of Generators of C&I Wood Waste 
Commercial and Industrial (C&I) waste generators represent a significant supply of usable wood waste.  
An issue exists in that there are a large number of such suppliers, dispersed across the state, each with 
different wood species/products and wood waste storage and management systems.  Both the geographic 
localities and the different management practices introduce challenges associated with collection and 
utilisation of wood waste.  Some interest has been shown in establishing wood waste only collection 
services, aggregating at a centralised spot and then processing with greater economies of scale to supply 
existing and developing markets. 
6.2.7 Constraint – Potential Legislation 
It is recognised that if a ban of wood to landfill was introduced then the whole supply profile of wood waste 
would change dramatically.  This may result in a drop in unit price of the product and would introduce even 
more complex quality issues as there would be even greater pressure to force fit supplies of contaminated 
wood waste into unsuitable markets. 
6.2.8 Driver and Constraint - Environmental Issues 
Various environmental issues are associated with the utilisation of wood waste.  During energy generation, 
for example, both stack emissions and ash need to be managed, with the degree of control required being 
dependant on the quality of the fuel product and the extent of contamination.  This is of particular concern 
when CCA treated timbers enter a fuel stream.   
Wood is not a good material with which to “fill land”.  It has a low bulk density, does not compact and 
decomposes over time, contributing to both landfill gas and also landfill subsidence.   
6.2.9 Driver – Highest Resource Value 
Also of concern are issues related to the highest resource value of the wood waste.  For instance could the 
wood waste be reused or recycled, rather than being chipped for use as mulch or fuel. This is seen as a 
driver to develop greater value adding utilisation options for the wood waste. 
6.2.10 Drivers - Ongoing Research in the Field of Wood Waste 
Some ongoing research work and initiatives that are aiming to both overcome the constraints to wood 
waste utilisation and to provide a better understanding of the issues associated with wood waste utilisation  
were identified.   
6.2.10.1 A Study into Carbon Release from Wood Waste 
State Forests NSW have been researching the decomposition rates of timber products in landfill from a 
carbon storage perspective.  Results thus far indicate that the rate of decomposition is much slower than 
previously identified in much of the literature.  SFNSW estimates that up to 4% of carbon is lost over a 
period of 30 years, as compared to suggestions by other investigators that all of the decomposable carbon 
(cellulose and hemicellulose) is released over a much shorter time scale.   
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A number of issues arise from this research including the role of landfill in carbon accounting and the 
length of time that it takes for timber products to degrade (implications for extending the length of duty of 
care for landfill closures), in addition to predictions of methane capture for energy generation from landfills 
being overestimated. 
6.2.10.2 The Wood Waste Network 
The Wood Waste Network, run by Resource NSW (now Department of Environment and Conservation), 
has been working with suppliers, end users and contractors to develop product specifications, Quality 
Assurance (QA) implementation programs and procedures, process improvements and product 
testing/verification systems to provide a framework and management systems for the supply and usage of 
wood waste.  A key focus is on treated timber. 
The Wood Waste Network currently comprises four members who are suppliers of wood waste materials.  
Resource NSW is looking to expand the network to incorporate more suppliers of wood waste, including 
landfills and transfer stations.  They are also attempting to include other wood waste related industries 
such as processing contractors and end-users into the network.   
6.2.10.3 Research into the Combustion of Treated Timber  
A research study commissioned by the Forest and Wood Products Research and Development 
Corporation (FWPRDC) in conjunction with Auspine and the Centre for Risk, Environment and Systems 
Technology and Analysis (CRESTA) at the University of Sydney was launched with the aim of investigating 
speciation and deportment of arsenic, copper and chromium from treated timber in the combustion 
environment.  An understanding of these issues may contribute towards identifying and developing 
technologies and containment strategies that will allow for energy recovery from this waste stream whilst 
producing a manageable solid and gaseous waste product.   
6.2.11 Summary of Drivers and Constraints  
The drivers for wood resource recovery include accessing Renewable Energy Credits through the 
utilisation of wood derived fuels, recovering a higher resource value from wood materials that would 
otherwise be disposed of to landfill, the development of new services to timber related manufacturers (for 
example a wood waste only collection service) and ongoing research activities that are seeking to unlock 
the potential of wood waste as a resource. 
The constraints for wood resource recovery include contamination of the wood material, sourcing material 
from a known and trusted supply, difficulties with providing the required documentation to access 
Renewable Energy Credits, managing potential environmental impacts from a wood utilisation project and 
gaining clarity of the legislative and regulatory framework around wood recovery and utilisation.   
An important factor in harnessing the drivers and overcoming or managing the constraints is in the 
identification of the optimal utilisation option for recovered wood resources.   
 
6.3 Sources, Transformation Flows and Sinks for Wood in the Greater Sydney Region 
6.3.1 Supply - Sources of Wood Waste in the Greater Sydney Region 
Small timber related manufacturers in the Western Sydney Region dispose of approximately 14,000 tonnes 
of wood waste to landfill each year (SBAEP 1998).  This is approximately 14% of the estimated 100,000 
tonnes of wood waste disposed annually in the Western Sydney Region (WSWB 1998).   
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Utilising Waste Board and overseas estimates, approximately 350,000 tonnes of wood waste are disposed 
of annually in the Greater Sydney Region.  This amount is approximately 10% of the total waste disposed 
of to landfill each year (NSWWB 2000). 
There are four sources of wood waste in the Greater Sydney Region, Commercial and Industrial (C&I), 
Construction and Demolition (C&D), Pallets and Packaging (P&P) and Utilities.  
6.3.1.1 Commercial and Industrial  
Commercial and Industrial activities that generate wood waste include small timber related manufacturers 
such as: 
• Kitchen Manufacture, 
• Joineries, 
• Structural Component Manufacture, 
• Furniture Manufacture, 
• Pallet Manufacture, 
• Transport Packaging, 
• Cabinet Making, and 
• Wood Product Manufacture. 
One of the major outcomes of the Small Business Assessment and Education Project (1998) was the 
finding that wood waste made up 75% of the waste materials generated by small timber related 
manufacturers (Table 15).  The majority of wood waste consisted of problematic (in that there were no 
immediate recovery opportunities available) engineered timber products, such as particleboard and 
medium density fibreboard (SBAEP 1998). 
Table 14: Waste characterisation of small timber related manufacturers (SBAEP 1998) 
Type of Waste Percentage 
Wood/Timber 75% 
Recycled Untreated Wood/Timber 9% 
Paper/Cardboard 4% 
Plastics 4% 
Ferrous 3% 
Glass 2% 
Other Organic 2% 
Recycled Aluminium 1% 
Oils <0.5% 
Non Ferrous <0.5% 
Special <0.5% 
Earth Based <0.5% 
Recycled Paper/Cardboard <0.5% 
Food/Kitchen <0.5% 
Garden/Vegetation <0.5% 
 
Optimal Recovery of Resources in the Greater Sydney Region 
Master of Engineering Research Thesis Page No. 82 of 132 
The total wood waste from small timber related manufacturers includes timber products such as 
Particleboard (55% of total) Medium Density Fibreboard (15% of total) Untreated Timber (15% of total), 
Treated Timber (10% of total) and Plywood (5% of total).  Other materials such as plastics, metals and 
glass make up the remainder.   
Wood waste in a C&I context, therefore, does not comprise a majority of untreated timber waste, rather it is 
dominated by manufactured timber panel products such as particleboard, medium density fibreboard and 
plywood (Figure 13).  Engineered timber panel products were always sent to landfill owing to no recycling 
infrastructure as a result of issues with formaldehyde based resins used in the production of panel 
products.  Similarly the preservatives used in treated timber, for example Copper Chrome Arsenate (CCA), 
prevent the recovery of these materials.  However 85% of businesses said they would be prepared to 
separate wood waste materials from their general waste stream if the cost was not greater than their 
current waste management system (SBAEP 1998). 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Composition of wood waste from small timber related manufacturers (SBAEP 1998) 
Wood waste generation associated with C&I manufacture is mainly the result of essential business 
activities, for example, cutting, planing and sanding creates shavings, sawdust and offcuts which are 
disposed of to landfill.  Manufacture to customer specifications when working with fixed dimensioned 
timber panel products increases the amount of offcuts created.  This is especially the case in the 
manufacture of circular or curved surfaces.  Also the cost of labour relative to the cost of timber panel 
products is such that it is often “cheaper” to dispose of a faulty product than repair it.  Additionally the over 
ordering of timber products is desirable over running out of materials, increasing the rates of waste 
generation.  The present methods of timber related manufacturing will thus generate significant amounts of 
wood waste (ibid 1998). 
6.3.1.2  Construction and Demolition 
There is a lack of Australian data on the composition of wood waste from Construction and Demolition 
(C&D) sources.  This is perhaps due to the inclusion of all timber products as “wood waste”.   The National 
Association of Home Builders in America has estimated that from the construction of a 185 square metre 
domestic house, the amounts of solid-sawn wood waste (4.5 cubic metres) are nearly equivalent to the 
amounts of engineered (manufactured) wood waste (4 cubic metres - Yost 1998).  In a recent State Forest 
NSW project on carbon released from wood (see Section) 6.2.9.1), the split between engineered timber 
products and untreated timber was estimated to be a 30:70 split respectively at the construction stage. 
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One factor that may alter this proportion, however, is the life span (or stock life) of the manufactured 
product.  Anecdotal estimated mean life of products manufactured from timber panels such as 
particleboard is approximately 10 to 15 years.  Sawn wood products in constructions, on the other hand, 
could have a mean life of 50 to 70 years.  For this reason and as more engineered timber products 
substitute in solid untreated timber applications, it is anticipated that greater amounts of engineered timber 
products will enter the waste stream at a greater rate than untreated timber. 
6.3.1.3 Packaging and Transport 
Wood waste from packaging and transport sources includes end-of-life pooled pallets (usually hardwood), 
one-way pallets (usually softwood) and one-way containers.  The reuse possibilities for these wood wastes 
are significant.  For instance in America pallet recycling is rapidly taking market share from pallets made 
from virgin resources (Bush 1997). 
6.3.1.4 Utilities 
Wood waste from utilities includes power and telephone poles, railway ties, bridge and dock supports and 
planking.  Within NSW there are an estimated 2 million power poles (and possibly 150,000 Telstra poles).  
Approximately 1% of poles are replaced annually, which is equal to the replacement of 20,000 poles per 
annum.  At least 95% are hardwood eucalyptus species that are treated before installation as well as 
during their service life.  Issues with management of power poles include preservative treatments, 
especially of the butt, and contamination with metal spikes (EANSW 1999). 
Table 15: Summary of the sources of wood waste 
Type of Wood Sources of Wood Waste 
• Untreated Timber (A-wood including softwood 
and hardwood) 
• Engineered Timber Products (B-wood including 
particleboard, medium density fibreboard and 
plywood), and 
• Treated Timber (C-wood including CCA and 
creosote treated timber) 
• Commercial and Industrial 
(C&I) 
• Construction and 
Demolition (C&D) 
• Pallets and Packaging 
(P&P) 
• Utilities 
 
 
6.3.2 Transformation Flows – Technologies and Methodologies for Processing Wood Waste into 
a Resource 
In order to recover value from wood waste a usable product must be manufactured.  This involves a variety 
of processes to complete the transformation of wood waste into wood resource.  For instance there can be 
up to three (primary, secondary and tertiary) size reduction stages using either a hammer mill, tub grinder 
or wood chipping technology.   
The main focus for size reduction is to better handle the material in subsequent processing and separation 
stages and to produce particle geometry suitable to the intended end-use.  Contamination must also be 
removed from the wood waste material.  Magnets are used to separate out ferrous metal contamination 
from wood waste.  Eddy current separation is used to remove non-ferrous metal.  Wind sifting is used to 
remove the light contamination.  In some instances hand sorting is also used to remove non-wood 
contamination, however this can be cost prohibitive. 
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To homogenise the size distribution of wood chips, machines such as a fractionators and disk and vibrating 
screens are used.  Storage of wood waste product occurs in a bunker, silo, hardstand or shed.  Loading of 
wood waste product is via a front-end loader, excavator with modified bucket or an automated conveyor 
system.  Road (and potentially rail) systems are used to transport wood waste to market.   
Product testing is usually performed on processed wood waste before being sent to market.  Tests on 
product include moisture content, percentage of particle fines (particles under 5 mm) and percentage of 
particle overs (particles over the product specification maximum size), in addition to testing for heavy metal 
contamination if required (for instance if being used as a power station fuel).   
It is difficult to achieve high rates of product throughput when processing wood waste.  This relates to the 
low density of wood waste and the variability in wood waste material size and shape.  Processed wood 
waste does not flow and is hard to convey.  There are also several occupational health and safety 
problems inherent in wood waste materials handling arising from dust generation and the operation of size 
reduction equipment.  Large stockpiles of wood waste also present a potential fire hazard.  
The above discussion illustrates the importance of materials handling technologies and methodologies to 
the transformation of a wood waste into a wood resource, in readiness for delivery and utilisation to a 
market opportunity (sink). 
6.3.3 Potential Sinks for Wood Waste  
The potential generic sinks for wood waste include reuse, direct recycling, indirect recycling and energy 
generation opportunities.  They are presented below from a generic perspective.  Specific details of the 
current market sinks for recovered wood products is presented in Section 6.3.4. 
6.3.3.1 Reuse 
The reuse of wood products describes instances where there is minimal processing on the waste material, 
such as where floor boards are reused as floor boards, or where timber pallets are reused as pallets.   
Reuse options for wood waste exist primarily outside the point of manufacture, assuming that wood waste 
disposed has no value or reuse potential to the generator of that waste.  This is because other operations, 
can utilise these materials directly into their manufacturing process.  Other potential exists in the remilling 
of wood waste into new timber products such as floorboards and other decorative or special use timbers.   
A novel possibility being explored in California regarding wood waste utilisation is the employment of 
lumber inspectors to tour construction and demolition sites and assess timber that has been reclaimed 
from a building.  The wood waste can then be certified as to its specifications and appropriate applications 
in construction (CIWMB 1998).   
To date this level of operation has not occurred in the Greater Sydney Region and reuse occurs on an ad 
hoc approach.  However there are indications that this is changing as evidenced by the “One Stop Timber 
Shop”, an internet service provided by the Wilderness Society that aims to provide information on the 
procurement of recycled timber21.  
                                                          
21 http://www.timbershop.wilderness.org.au/   
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6.3.3.2 Direct Recycling 
Direct recycling of wood waste involves taking waste from timber products and substantially processing it 
directly into a new timber product.  Composite wood products can be made using wood waste as the 
feedstock.  Examples of these products include composite pallets, door cores, new Medium Density 
Fibreboard (MDF) and new Particleboard.  One such process was recently developed by the Frauenhofer 
Institute for Wood Research in Germany (Erbreich 2000).  This operation extracts wood fibre from timber 
panel products through a combination of mechanical breakdown, heat and water.  The wood fibres are 
then able to be used in the manufacture of new panel product. 
ALLGreen® MDF is a medium density fibreboard manufactured from 100% untreated wood waste (Fried 
1998).  However, neither of the above panel product opportunities exist in Australia and as such there are 
no direct recycling opportunities in the Greater Sydney Region. 
6.3.3.3 Indirect Recycling 
Indirect recycling refers to the manufacture of new “non-timber” products.  Products able to be 
manufactured from wood waste include (amongst others) mulch, compost, potting mix and animal bedding.  
These products have traditionally used untreated wood waste as the primary feed stock.  There is 
uncertainty and lack of information about the effects of formaldehyde resins and preservative treatments 
on these “indirect” products.  For example, reports indicate that chickens prefer to eat resin coated wood 
fibre rather than their normal diet – often with fatal results (SBAEP 1998).  However, the resin may also act 
as a slow release fertiliser in recycled organic media such as compost.  The difficulty is in the lack of 
quantification of the possible impacts.  In the Greater Sydney Region the opportunity for indirect recycling 
is limited to untreated timber. 
6.3.3.4 Energy Generation 
Energy generation, in the form of heat or electricity, is another form of indirect recycling.  However there 
are specific issues relating to energy generation, for example air pollution, that warrant its inclusion as a 
separate category.  Energy generation is accomplished in a variety of means, such as combustion, 
combustion to produce steam or gasification to produce a combustible gas.  Ethanol and methanol are also 
able to be produced from wood waste, but it is a complicated and difficult process.  There are opportunities 
for primarily untreated wood waste in the Greater Sydney Region to be used for energy generation in 
power stations and emerging opportunities for engineered timber products to be used for both process 
heat in cement kilns and energy generation in power stations.  
6.3.4 Current Utilisation of Wood Waste in the Greater Sydney Region 
In order to investigate the current utilisation opportunities for wood waste in the Greater Sydney Region, an 
informal survey was conducted of the wood waste industry (see Appendix 4 for participants list).  The 
intention of the survey was to gain an indication of the status quo of current usage patterns of wood waste 
in the NSW region, in addition to drivers and barriers to increased utilisation of wood waste and the 
identification of ongoing research and initiatives that are occurring with wood waste (see Section 6.2).  
Unless otherwise referenced, all the information in this section was derived from the survey of the industry  
(see Appendix 4). 
6.3.4.1 Reuse 
Reuse, where wood is used for manufacture of other wooden products, still has a niche market in NSW.  
Applications include manufacture into furniture and into floorboards. 
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One of the benefits of reuse is that the quality of recycled timber in the above applications is generally 
higher than that of “new” timber.  This is owing to the seasoned nature of recycled timber and to a denser 
fibre structure in the recycled timber because of an older age of the tree at harvest time in combination with 
slower growth rates compared with what are common in plantations today.  Also it is often only possible to 
source certain wood species as recycled timber owing to reduced timber logging patterns. 
6.3.4.2 Direct Recycling - Particleboard 
There were no instances identified where wood was being recovered for particleboard manufacture, 
although this option is under consideration by Carter Holt Harvey. 
6.3.4.3 Indirect Recycling - Mulch/Compost 
Mulching or composting has traditionally represented a significant market for A-wood waste.  Since A-wood 
waste represents a high carbon and low nitrogen product with little or no nutrient value, it is generally used 
as a non-enhancement additive.   
One limitation with the use of wood waste in mulch/compost is that it requires processing to chips of less 
than 20 mm size to be of any real use.  This processing is expensive and does not represent significant 
economic return.  Some suppliers have moved to supplying wood for fuel (see below) as it provides a 
greater return than landscape supplies.  This is not so much from a dollar sale perspective, but from less 
processing requirements.  In addition, discussions conducted during the course of this study suggested 
that the market for landscape and other domestic garden products is relatively saturated. 
Some parties interviewed suggest, however, that horticultural and fuel product production are 
complementary.  For instance, fuel requires material to have no fine material (minus 10 mm), and to be 
high in carbon and low in moisture.  Any wet material from garden organics and any fines can be 
separated and made available for landscape markets. 
In summary, it is suggested here that domestic landscape markets are over supplied with limited to no 
potential for growth.  There is some growth opportunity for agricultural products, but various obstacles to 
the realisation of this market exist, primarily transport and perceived benefit to farmers. 
6.3.4.4 Energy 
The use of wood waste for energy generation is generally considered to represent a significant market 
opportunity for suppliers of good quality fuel.  Potential users currently exist in the market place who are 
trying to secure supplies of high quality wood derived fuel.  Only A-wood waste (untreated timber) is used 
for combustion for electricity generation with B-wood waste (engineered timber products) being generally 
avoided.  EPA regulations prohibit C-wood (CCA and PCP treated timbers) from being used as a fuel.   
In a fuel stream, contamination (with metals, plastic etc) needs to be limited as this may impact on the 
pollution profile of the energy generation process.  In addition, dirt and grit can cause slagging. 
In order to ensure supply of a fuel that consistently meets quality and contamination standards, several in-
house procedures are being developed by participants in the Wood Waste Network (see Section 6.2.9.2) 
for implementation at both the supply and receival ends.  Such procedures include an audit trail for the 
source of the fuel and classification of the delivered and shredded materials by visual inspection.   
Discussions with suppliers and producers have suggested that the quality of fuel supply is improving as 
suppliers are implementing improved procedures for reporting and preparation.  However there are some 
reports of low quality “give away” fuels with high variability of physical and chemical contamination. 
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The prices paid for wood waste used for energy vary from FOB (free-on-board; that is, pick up from the 
suppliers facility) to FIS (free-in-store; that is, delivered to the end-user).  Between $0 per tonne to over $5 
per tonne were reported for FOB supplies, depending on transport distances not only to the facility, but 
also to the main transportation route.  Reported prices for FIS supplies (where the supplier bore the cost of 
transport) were between $20 to $30 per tonne. 
At the time of the survey, no price differential between loads of wood derived fuel on the basis of calorific 
value, contamination, consistency of particle size or of Renewable Energy Certificate (REC) ready status 
was found.  It is expected that this may change over time, as the market matures. 
Limitations to the usage of wood waste as a fuel include the Office of the Renewable Energy Regulator 
(ORER) requirements for satisfying REC conditions.  For instance, it was reported that trees cleared as a 
result of establishing a residential sub-division did not qualify as Construction and Demolition waste under 
previous ORER rulings.  This was on the grounds that the trees could be native species. 
The native timber debate has had a significant impact on the utilisation of wood waste as a fuel.  Under 
pressure from many green groups, the use of any waste from native timbers, even in the form of sawdust 
and shavings, is being excluded from use by large scale electricity generators.  Some sections of the 
energy market fear that this pressure on the use of native wood waste will extend into banning the use of 
any form of biomass as a fuel, regardless of its source. 
In general, however, it is suggested that there is an ongoing high demand for good quality fuel, and this 
demand is expected to grow.   
6.3.4.5 Planned initiatives 
In addition to the research and initiatives described above, a number of planned projects were identified in 
which wood waste is to be used.  These include: 
• Delta Electricity - investigating potential sources of wood waste, such as from landfill or sawmills 
that only process plantation logs, for use in electricity production at Vales Point Power Station 
(Wallerawang Power Station is currently operational).  Ongoing testing is being undertaken, 
which, although is still in its early stages of development, is hoped to be moving towards an 
established operation.  Information on performance on these projects is provided through Delta’s 
annual environment report which is available on internet.   
• Visy Paper - as part of an expansion program, is planning to use additional wood waste as a fuel 
at their Tumut paper mill.  It is estimated that current fuel utilisation is approximately 30,000 
tonnes per annum, with the capacity to double this if greater levels of feedstock can be secured. 
• Carter Holt Harvey - currently undertaking trials of wood waste both as a fuel and as furnish into 
particleboard manufacture.   
• Blue Circle Southern Cement Maldon Works -  developing the use of particleboard and MDF (B-
wood waste) as fuel for their cement kiln.  In full-scale implementation, Maldon Works could 
accept up to 30,000 tonnes of wood waste per year.  Plans are in place to source this wood waste 
from known C&I sources where quality assurance procedures are in place to ensure limited 
contamination and where the fuel will be delivered to the site processed to size.     
6.3.4.6 Conclusion – Current Options for Wood Waste in the Greater Sydney Region 
Landfill remains as the largest current option for wood waste in the Greater Sydney Region.  The 
alternatives to landfill include mulch/compost, use as a supplementary fuel in a coal fired power station, 
use as a primary source of fuel in a biomass boiler and ad hoc reuse of wood materials.  Emerging 
opportunities include use as supplementary fuel in a cement kiln in addition to some exploratory work on 
using wood waste as a feedstock for particleboard production. 
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6.4 Optimal Resource Recovery - Assessment of Wood Recovery Options  
The critique of the Inquiry identified that in order to overcome the shortcomings of the assessment 
framework used by the Inquiry, the assessment process needed to follow six main stages.  The first of 
these is to define the problem that is being addressed and to identify the decision makers involved.  This is 
the “what and who” of the assessment (what is being assessed and who is it for).  Following this it is 
necessary to select the options for comparison, the system boundary and the evaluation criteria.  Again 
this must be in reference to the “what and who” of the assessment.  After this, an evaluation of the options 
is undertaken (the assessment).  This must be backed up by a sensitivity analysis in order to interpret the 
results of the evaluation.  This refined approach to option evaluation is illustrated in Figure 14. 
 
 
 
 
 
 
 
 
Figure 14: Refined assessment process 
The stages in this assessment methodology are discussed below. 
6.4.1 Definition of problem and identification of decision makers 
The problem is defined as “what is the optimum resource recovery option for wood waste coming into a 
regional wood waste receiving facility”.  The decision makers in this scenario include the owner of the wood 
recycling centre facility as the primary decision maker, the Department of Environment and Conservation 
(ex Resource NSW and NSW EPA) and the end user of the wood waste product (markets).   
The motivation of the relevant decision makers to be involved in the process optimal wood waste resource 
utilisation was identified through a series of informal interviews and by first hand knowledge.  The primary 
motivations for each decision maker, as related to wood waste, are summarised as follows: 
• Owner of a regional wood recycling centre - conserve landfill space (space is the “stock” of landfill 
operations), avoid the section 88 contribution (landfill tax) and exploit a new business opportunity, 
and utilise an available  resource.  The recycling centre owner is identified here as the primary 
decision maker. 
• DEC – minimise wood waste going to landfill, and maximise highest resource value of wood 
waste (guiding principles of ESD, part of the Waste Avoidance and Resource recovery Act - see 
Section 2.6.5 and 3.2.5), and regulate landfill activities and prevent pollution. 
• End-user of the wood waste product – utilise a material at a cost advantage or avoid a greater 
penalty, and new business opportunity. 
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The objectives of the assessment process (the “what” of the assessment) are to: 
• Maximise the economic return to the owner of a regional wood recycling centre that was co-
located at a landfill, 
• Minimise any associated environmental impacts of the wood waste utilisation option, 
• Maximise reclamation of wood from landfill, 
• Maintain current political climate, and 
• Maintain highest resource value of material. 
6.4.2 Selection of options for comparison 
Eight alternative technology options are selected for inclusion in this hypothetical analysis (Figure 15).  
These were chosen to reflect the currnet and emrging utilisation options for wood waste in the Greater 
Sydney Region and include: 
1. – Landfill wood waste on site, where all of the wood is disposed of to landfill,  
2. – Reuse wood waste materials, where recoverable timbers are used in building and furniture making, 
3. – Compost/mulch wood waste off-site, where processed wood is used in compost/mulch applications 
off-site,  
4. – Use as feedstock for particleboard production, where softwood is used to make particleboard,  
5. – Use as primary source for fuel off-site, where the wood is sent to a small wood fired power station, 
6. – Use as a supplementary fuel in a cement kiln off-site, where wood is used to replace coal,  
7. – Use as a supplementary fuel in a power station off-site, where wood is used to replace coal,  and 
8. – Use as a primary source of fuel for a new facility on-site, the establishment of a new wood power 
station at the wood recycling centre. 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: Options for the resource recovery of wood waste and indicative distances to deliver the 
final product to the end user 
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It is assumed that 50,000 tonnes of wood waste is delivered annually to a wood recycling centre located at 
a landfill and that there is “no” contamination (less than 0.5%) in any of the wood waste loads that are 
received into the wood facility.  (This means there is no treated timber.)  The composition of the 50,000 
tonnes is divided into 25,000 tonnes of untreated timber (10,000 tonnes of softwood and 15,000 tonnes of 
hardwood) and 25,000 tonnes of engineered timber products (10,000 tonnes of particleboard, 10,000 
tonnes of medium density fibreboard and 5,000 tonnes of plywood). 
Transport distances for the hypothetical scenario are estimated using available markets as reference 
points for a wood recycling centre located near the geographical centre of the Greater Sydney Region.  For 
instance, reuse options located within a 25 kilometre radius, compost/mulch travelling further at 40 
kilometres to allow for a wider spread of use (such as motorway verges), particleboard at 200 kilometres 
located at Oberon (west of Sydney over the Blue Mountains), cement kiln at 150 kilometres located at 
Berrima to the south west of Sydney, power station at 150 kilometres located in the Hunter Valley to the 
north of Sydney and a wood power station at 400 kilometres located at Tumut to the south west of Sydney. 
Other assumptions included that all wood waste was potentially available for utilisation and that the 
process of converting wood waste into product was 100% effective. 
6.4.3 Selection of system boundary 
The impact of the choice of system boundary, in addition to the inclusion of systems as foreground or 
background systems, is well documented as directly influencing the results of research (see Tillman 1994, 
Golonka and Brennan 1996, and Björklunda et al. 1998).  One difficulty with looking at wood waste 
utilisation lies in an appropriate focus.  For instance, should the system boundary be pushed back to tree 
planting for timber products, or even further to include nursery activities in producing a seedling? (Yaros 
1997).  Since the focus is on wood waste, and in this situation wood waste excludes forestry residues, 
attention will be limited to considering impacts after production of the timber product, that is, after the 
sawmill or panel manufacturer.   
The choices of system boundary considered include: 
• The place of wood waste generation - allows intensive analysis to provide the core information to 
developing a predictive tool for estimating wood waste flows.  This information would be of 
particular interest to the business operator as it provides comprehensive data on the state of 
operations.   
• A localised network of generators - set at the level of Local Government Area (LGAs) in the 
Greater Sydney Region.  Using political boundaries has advantages for ease of data collection 
(Eder and Narodoslawsky 1999).    
• The Greater Sydney Region - this comprises the LGA’s that were contained in the contained by 
the Inner, Northern, Southern and Western Wasteboards (see Appendix 1).   
In structuring the wood problem, the whole of life-cycle for recovered wood options was considered from 
the place of waste generation to the end market.  In order to include these activities, the Greater Sydney 
region was chosen as the system boundary. 
The elements within this system boundary are shown overleaf in Figure 16.  The background system of 
avoided fossil fuel burdens was included in the analysis to account for benefits arising from energy 
recovery options.  The point of wood waste generation, while being of importance to the overall life cycle of 
recovery options (and thus a background system element), is judged to be constant across recovery 
options and thus has been excluded from the assessment process (no differentiation between options). 
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Figure 16: Background and foreground system elements within the system boundary 
6.4.4 Selection of Evaluation Criteria 
A total of twelve criteria were identified for comparison between utilisation options.  These were selected 
on the basis of the shortcomings of the Inquiry.  However, it is important here to make a distinction in 
terminology.  Up until this point the term “criteria” has been used in the same context as in the Inquiry, 
namely that it referred to the individual assessment issue that received a particular score.  Thus the Inquiry 
made use of two levels of assessment, firstly the criteria and secondly the grouping of criteria as to 
whether they were technical, environmental, social or economic concerns.  Each criteria was weighted 
within the grouping category.  Each option then received a summary score based on the addition of each 
of the scores from the four grouping categories, which were all equally weighted.   
In this refined assessment, the scoring system has been derived from von Winterfeldt and Edwards (1986).  
In order to fit in with this scoring approach, another level of differentiation of criteria has been added, 
namely that of attributes.  “Attributes” are the same as what have previously been defined as “criteria”, 
namely the individual elements used to asses a particular technology option.  “Criteria” now refer to a new 
level of grouping between the overall grouping categories (here chosen as Techno-Economic, 
Environmental, and Socio-Political) and the individual attributes.  These are more detailed than grouping 
categories and are formed by the weighted scores of one or more contributing attributes.   
Thinking about the entire life cycle of recovered wood products is used to identify attributes for comparison.  
For instance traditional LCA impact categories were considered within the chosen system boundary to 
contribute to a list of attributes for each criterion.  An attempt is also made to differentiate between 
stockpile, transport and sink attributes.  This is done in order to differentiate between options that required 
large amounts of transport or preparation.  
The attributes selected are mainly those which were excluded as evaluation criteria used by the Inquiry.  
This was done in order to demonstrate and evaluate an alternative approach, without duplicating the 
existing work of the Inquiry.  The evaluation criteria and their attributes used in this refined assessment are 
listed in the table below. 
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Table 16: Criteria and attributes used in the assessment of optimal wood resource recovery 
 
 
 
 
 
 
 
 
 
 
 
 
Criterion Attribute Consideration
Simplicity/Practicality How simple and practical are the processing requirements for feedstock preparation?
Flexibility to produce alternate products How many alternate products/feedstock can the processing technology make?
Proven process How proven is the sink process?
Lead time How much lead time is required before the sink would be available in years?
flexibility regarding supply (buffer) How critical is a constant supply to the operation of the sink?
Cost per tonne How much does it cost per tonne to transport material from the stockpile to the sink?
Distance How far away is the sink from the stockpile?
Tonnes able to be backloaded What proportion of the feedstock to the sink is able to be backloaded?
Additional capital expenditure How much additional capital expenditure is required at the stockpile?
Other fixed costs What are the other fixed costs at the stockpile as part of processing for the sink?
Variable costs What are the other variable costs at the stockpile as part of processing for the sink?
Lost opportunity cost What is the lost opportunity cost of pursuing a particular option?
Gate fee How much gate fee is paid for the stockpile to receive the "waste" material?
Section 88 contribution How much section 88 contribution must be paid on materials delivered to stockpile?
Economics - Sink Price paid by sink - FOB What is the price paid by the sink - Free on Board (i.e. nett of transport)?
Carbon dioxide How much carbon dioxide equivalents are released at the stockpile ?
Dust How much dust is created at the stockpile from processing?
Environment - Transport Carbon dioxide How much carbon dioxide equivalents are released during transport?
Carbon dioxide How much carbon dioxide equivalents are released at the sink?
Methane How much methane is released at the sink?
Emissions to landfill How much residual material is sent to landfill from the sink?
Avoided fossil fuel burden What is the avoided fossil fuel burden from the sink?
Increased vehicle movements How much are vehicle movement likely to rise at the stockpile?
Jobs How many jobs are likely to be created at the stockpile?
Social - Sink Increased vehicle movements How much are vehicle movement likely to rise at the sink?
Political Estimate of political desirability How political desirable is the sink option in question?
Wood Utilisation Percentage wood waste able to be used What percentage of the total wood stream can the sink use?
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6.4.5 Scoring of Options 
There are 12 criteria, each with one or more attributes, which are used to score recovery options (see 
Table 16).  The “raw score” system used for each attribute is presented below with the actual raw and 
weighted scores presented in Appendix 5.  The evaluation of options and in particular, the transformations 
used to make a relative assessment, are discussed in Section 6.4.6. 
6.4.5.1 Technical – Stockpile 
There were two attributes of the criterion “Technical - Stockpile”: 
• Simplicity/Practicality – a measure of how simple and practical are the processing requirements 
for feedstock preparation.  A score from one to five, with five being very simple and practical, 
stepping down to one being not very simple and practical.  
• Flexibility to produce alternate products – an indication of the number of alternate 
products/feedstock that the recovery technology is able to make.  A score from one to five, with 
five being the ability to make a range of alternative products with the same technology, stepping 
down to one being only one option (that is, the recovery option). 
6.4.5.2 Technical – Sink 
There were three attributes of the criterion “Technical - Sink”: 
• Proven process – the commercial maturity of the sink (market).  A score from one to five, with five 
being a commercially proven and operational market, stepping down to one being an emerging 
market with limited operating record. 
• Lead time – the length of time required to set up and supply each recovery option.  An estimate of 
the number of years in lead time each recovery option requires. 
• Flexibility regarding supply (buffer) – the sensitivity of each recovery option to disruptions in a 
constant supply.  .  A score from one to five, with five being very resilient to changes in supply 
intensity, stepping down to one being very highly sensitive to any changes in supply frequency. 
6.4.5.3 Transport - Stockpile to Sink 
There were three attributes of the criterion “Transport - Stockpile to Sink”: 
• Cost per tonne – the cost to transport material from the stockpile to the sink.  An estimate in 
dollars per tonne, based on commercial prices for transport in and around the Sydney Region. 
• Distance - the number of kilometres between the sink and the stockpile in the hypothetical. 
• Tonnes able to be backloaded – an estimate of the total number of tonnes that could be 
backloaded from the stockpile to the sink. 
6.4.5.4 Economics - Stockpile 
There were six attributes of the criterion “Economics - Stockpile”: 
• Additional capital expenditure – an estimate in dollars of the additional capital expenditure 
(hammermills, front end loaders and excavators with grabs etc.) that would be required at the 
stockpile in order to process the wood into a form suitable for the sink. 
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• Other fixed costs – an estimate of the salaries associated with each recovery option, set at 
$50,000 for each position. 
• Variable costs – an estimate of the variable costs, namely a per tonne processing cost, for each 
recovery option, based on commercial prices for hiring a mobile hammer mill with allowances 
made for increased processing required for different options. 
• Lost opportunity cost – a cost impost of $10 per tonne for every tonne of material that is unable to 
be used by the recovery option. 
• Gate fee – an estimate of the gate fee that each recovery option would get paid to receive the 
wood waste in dollars per tonne. 
• Section 88 contribution – the amount of “landfill tax” in total (based on $17 per tonne) that each 
recovery option must pay for material unable to be recovered. 
6.4.5.5 Economics - Sink 
There was one attribute of the criterion “Economics - Sink”: 
• Price paid by sink – FOB – an estimate of the price paid per tonne by the sink - Free on Board 
(that is, nett of transport). 
6.4.5.6 Environment – Stockpile 
There were two attributes of the criterion “Environment - Stockpile”: 
• Carbon dioxide – an estimate of the release of carbon dioxide equivalents at the stockpile, as a 
result of fossil fuel use associated with processing equipment.  A score from one to five, with one 
being very low levels of emissions, stepping up to five being very high levels of emissions. 
• Dust – an estimate of the amount of dust that is created at the stockpile from processing the wood 
for recovery.  A score from one to five, with one being very low levels of dust, stepping up to five 
being very high levels of dust. 
6.4.5.7 Environment - Transport 
There was one attribute of the criterion “Environment - Transport”: 
• Carbon dioxide - an estimate of the release of carbon dioxide equivalents as a result of fossil fuel 
use associated with the transport of product from the stockpile to the sink.  A score from one to 
five, with one being very low levels of emissions, stepping up to five being very high levels of 
emissions. 
6.4.5.8 Environment - Sink 
There were four attributes of the criterion “Environment - Sink”: 
• Carbon dioxide - an estimate of the release of carbon dioxide equivalents (excluding methane) at 
the sink for the wood product.  In this case either as a result of combustion or from the biological 
degradation of the wood.  A score from one to five, with one being very low levels of emissions, 
stepping up to five being very high levels of emissions. 
• Methane – an estimate of the release of methane at the sink for the wood product as a result of 
the biological breakdown of the wood.  A score from one to five, with one being very low levels of 
emissions, stepping up to five being very high levels of emissions. 
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• Emissions to landfill – the tonnes of material that are disposed of to landfill, that is the amount of 
wood resource unable to be recovered. 
• Avoided fossil fuel burden – an estimate of the amount of fossil fuels that are displaced by the 
wood recovery option.  A score from one to five, with one being very low levels of fossil fuel 
replacement, stepping up to five being very high levels of fossil fuel replacement. 
6.4.5.9 Social – Stockpile 
There were two attributes of the criterion “Social - Stockpile”: 
• Increased vehicle movements – an estimate of the number of vehicle movements leaving the 
stockpile and travelling to the sink, calculated on the basis of a five tonne payload for solid timber 
products and a twenty tonne payload for chipped wood. 
• Jobs – an estimate of the number of jobs likely to be created at the stockpile as a result of 
preparing material for the recovery option. 
6.4.5.10 Social - Sink 
There was one attribute of the criterion “Social - Sink”: 
• Increased vehicle movements – an estimate of the number of vehicle movements that would be 
expected at the sink.  Discounts were allowed for on the basis of the likelihood of backloading 
opportunities which were counted as a “neutral increase”.  
6.4.5.11 Political 
There was one attribute of the criterion “Political”: 
• Estimate of political desirability – an estimate of the political acceptability of the recovery option.  
A score from one to five, with five being very politically desirable and likely to gain support, 
stepping down to one being very politically undesirable and unlikely to gain support. 
6.4.5.12 Wood Utilisation 
There was one attribute of the criterion “Wood Utilisation”: 
• Percentage wood waste able to be used – an estimate of the contribution to waste reduction, that 
is the tonnes of wood that each recovery option could utilise given the composition of the 50,000 
tonnes of wood waste set as the basis for the hypothetical assessment. 
6.4.6 Evaluation of Options 
The problem was structured by according to the multi-criteria (multiple attribute) decision analysis theory 
derived from von Winterfeldt and Edwards (1986) into an objectives hierarchy that identified all of the 
relevant attributes of each decision criteria (see Table 16 above).  Weights were allocated across criteria 
(summing to 1) to indicate the importance of each criterion to the decision maker.  Similarly, performance 
at each attribute level within the hierarchy was also weighted with the weighted score forming the 
aggregated raw score for each criterion.  All criteria were weighted according to the anticipated position of 
the decision maker.  All attributes were also weighted by the same process. 
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The performance scores of attributes were then transformed onto a scale of between 0 and 100.  The 
worst outcome amongst the alternatives for any given attribute was arbitrarily set at 0.  The best outcome 
amongst the alternatives for any given attribute was arbitrarily set at 100.  The remaining alternatives were 
spread proportionally between these two extreme values.   
This approach has the advantage of “rewarding” the best performers within each attribute (highest score) 
while “punishing” the worst performers (no score).  This avoids one of the problems identified in the 
Inquiry’s report, that of an isolated as opposed to a relative approach to scoring. 
The spread between the best and worst score was calculated as the distance from the best score to the 
score in question.  Calibration occurred by calculating the rating factor, that is the value that 1 point out of 
100 was equal to between the best and worst outcome at the ith attribute: 
                                    ( ) 100/iii woborf −=  where: 
• irf  is the rating factor of the ith attribute 
• ibo  is the best outcome of the ith attribute  
• iwo  is the worst outcome of the ith attribute 
The score on the outcome of the other x  alternatives at the ith attribute (  ) was calculated  
                         ( ) iiwobojiiwoboj rfboS /100 )()( ∨−∨− −−= xx  where: 
• ( )iwobojS )( ∨−x  is the score of the outcome from the jth alternative (not the alternative with the 
best or worst outcome) at the ith alternative. 
Note: the absolute value is used to take into account the fact that all attributes are not necessarily 
monotonically increasing. 
Each data point was identified as being either factual or judgemental according to the how the score was 
derived.  The scores were then aggregated into a measure of the value of each recovery option to the 
decision maker (see Appendix 5).  This was done with a simple additive weighted model (after Von 
Winterfeldt and Edwards (1986)).   
This model defined the overall value of a wood waste utilisation option x (x = 1, 2, . . . ., 8) as: 
                                                  ( ) ( )ii
n
i
ii xvwawcv ∑
=
=
1
x where: 
• ( )xv  is the aggregate value of wood waste utilisation option x  ( a score out of 100) 
• ( )ii xv  is the value of alternative x  on the ith attribute, 
• iwc  is the importance weighting of the criteria grouping that contains the ith attribute (all criteria 
were normalised to add to 1), 
• iwa  is the importance weighting of the ith attribute (all attributes of a criteria were normalised to  
add to 1). 
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6.4.7 Results of Evaluation 
The best score from the initial analysis was the utilisation option of an on-site purpose built energy facility.  
This option scored a total of 69 points out of a possible 100.  It must be stressed that this outcome was on 
the basis of weightings given to attributes and criteria by the primary decision maker, in this case the 
owner of the regional wood waste facility.  This has impacted the result from a number of angles.  For 
example the economics of processing at the stockpile (site of the primary decision makers’ wood recycling 
centre) and the percentage of wood able to be utilised by the technology option made up 55% of the 
weighted score. 
The worst score was for the option to make particleboard off-site.  This was a result of the high cost of 
processing to prepare the wood fibre for particleboard manufacture and from the fact that particleboard can 
only utilise softwood in its manufacture.  Thus the percentage of the 50,000 tonnes that was able to be 
used for particleboard was low at 20% (10,000 tonnes).  The results of the initial analysis are presented in 
the table overleaf. 
Following on from the Inquiry’s approach of grouping the results into performance bandings of poor, 
moderately well, well and very well, and given the spread of scores, the following scale has been created 
to rate the recovery options: 
• Very well – over 65 points, 
• Well – between 55 and 65 points, 
• Moderately well – between 45 and 55 points, and  
• Poor – below 45 points. 
With this scale in place, not only is an on-site purpose built energy facility the highest score, it is also the 
only one that performs “very well”.  Resource recovery options that performed well include Primary Energy 
Off-Site, Landfill, Supplementary Energy for a Cement Kiln Off-Site and Supplementary Energy for a Power 
Station Off-Site.  Under this scaling approach, there are no “moderately well” performing resource recovery 
options.  Those recovery options that are grouped as “poor” performers include Reuse Off-Site, Compost 
Off-Site and Particleboard Manufacture Off-Site.  These groupings are presented in Figure 17. 
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Table 17: Results of the assessment of optimal wood resource recovery with the wood recycling 
centre operator as the primary decision maker 
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Simplicity/Practicality 0.3 100 67 67 0 67 67 67 67
Flexibility to produce alternate products 0.7 0 100 75 75 25 50 50 100
Technical - Stockpile Score 6% 30 90 73 53 38 55 55 90
Proven process 0.3 100 75 75 0 25 25 0 0
Lead time 0.3 100 100 90 60 90 90 80 0
flexibility regarding supply (buffer) 0.4 100 67 67 0 0 33 33 0
Technical - Sink Score 4% 100 79 76 18 35 48 37 0
Cost per tonne 0.3 100 83 66 14 0 21 21 100
Distance 0.1 100 94 90 50 0 63 63 100
Tonnes able to be backloaded 0.6 100 0 2 1 85 5 5 100
Transport - Stockpile to Sink Score 10% 100 34 30 10 51 15 15 100
Additional capital expenditure 0.1 100 95 20 10 25 30 30 0
Other fixed costs 0.1 100 67 50 50 17 17 17 0
Variable costs 0.1 100 74 19 0 37 30 19 37
Lost opportunity cost 0.4 0 5 50 80 100 100 100 100
Gate fee 0.1 100 0 0 0 0 0 0 0
Section 88 contribution 0.2 0 5 50 80 100 100 100 100
Economics - Stockpile Score 35% 40 27 39 54 68 68 67 64
Price paid by sink - FOB 1 0 100 15 20 5 0 10 20
Economics - Sink Score 5% 0 100 15 20 5 0 10 20
Carbon dioxide 0.5 33 100 0 0 0 0 0 33
Dust 0.5 100 100 0 0 25 0 0 25
Environment - Stockpile Score 6% 67 100 0 0 13 0 0 29
Carbon dioxide 1 100 75 75 50 0 50 50 100
Environment - Transport Score 2% 100 75 75 50 0 50 50 100
Carbon dioxide 0.2 33 100 33 100 0 0 0 0
Methane 0.2 0 100 75 100 100 100 100 100
Emissions to landfill 0.3 0 5 50 80 100 100 100 100
Avoided fossil fuel burden 0.3 0 0 0 0 100 100 100 100
Environment - Sink Score 2% 7 42 37 64 80 80 80 80
Increased vehicle movements 0.3 100 80 50 80 0 0 0 100
Jobs 0.7 0 33 50 50 83 83 83 100
Social - Stockpile Score 3% 30 47 50 59 58 58 58 100
Increased vehicle movements 1 100 90 0 60 68 40 40 100
Social - Sink Score 2% 100 90 0 60 68 40 40 100
Estimate of political desirability 1 0 100 75 75 50 50 50 0
Political Score 5% 0 100 75 75 50 50 50 0
Percentage wood waste able to be used 1 100 0 47 16 100 100 100 100
Wood Utilisation Score 20% 100 0 47 16 100 100 100 100
Totals 100% Total Weighted Score 100% 59 43 42 37 61 58 58 69
Wood Utilisation 20%
Social - Sink 2%
Political 5%
6%Technical - Stockpile
4%Technical - Sink
Transport - Stockpile to Sink 10%
Economics - Stockpile 35%
Economics - Sink 5%
Social - Stockpile 3%
Environment - Stockpile 6%
Environment - Sink 2%
Environment - Transport 2%
Optimal Resource Recovery in the Greater Sydney Region 
Page No. 99 of 132 Matthew Warnken 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: Resource recovery preferences for wood based on the initial assessment optimal wood 
resource recovery 
The reasons behind the preference for landfill as an utilisation option stem from its simplicity of operation, 
its proven track record and the fact that one hundred percent of the wood waste can be utilised as landfill.  
These are very important factors to the operator of a regional facility and these factors are represented in 
the weightings of the attributes and criteria.  Simplicity is also relevant to the fact that with landfill there are 
no logistic problems in moving material off-site.  Given this scenario, if primary energy on-site was not an 
immediate option due to the long lead time associated with construction, trade-offs between criteria would 
need to be established for the “second” ranking utilisation options. 
For instance, the regional facility operator may be prepared to manage the extra complications of fuel 
preparation for off-site use, given the stronger performance of these options in the economic analysis of 
stockpile activities.  This being the case, the next point of differentiation could well be the technical aspects 
of the stockpile.  That would remove primary energy as it scored 12 points below the fuel product option for 
a cement kiln or power station.  The main reason for this distinction arises from the flexibility of producing 
alternative products with the same processing equipment.   
Both of the latter options require a smaller sized particle (minus 40mm*40mm*40mm) to that of primary 
energy off-site (minus 200mm*200mm*200mm).  The smaller sized particles could be used for a landscape 
or compost product given the right quality control of input, whereas the larger sized particles would be 
unsuitable for this application.   
The final choice between fuel for a cement kiln or fuel for a power station in this scenario could only be 
resolved on the basis of technical issues for the sink.  Technical issues for the sink are not a high priority 
for the regional facility operator.  However it would be true to say that if one end-product involved fewer 
complications in its use, it may be a more attractive option to supply, given the greater grounds for 
operational tolerance.  In this instance it would involve producing fuel for the cement kiln. 
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The contribution of each criteria to the total resource recovery score is presented in the figure below, 
showing the clear domination of the wood utilisation and economic-sink scores. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: Graphical representation of the results of first order magnitude calculation.  This 
calculation included the primary decision makers weightings for both attributes and criteria. 
A sensitivity analysis was undertaken in order to investigate the impact of the primary decision maker’s 
weightings on the final scores for each resource recovery option.  The results of this are presented in the  
section below.  
6.4.8 Sensitivity Analysis of Results 
To investigate the impact that the primary decision maker’s preferences had on the outcome of this scoring 
model, two alternative scoring situations were considered.  The first was giving equal weightings to the 
criteria, while retaining the primary decision maker’s preferences for the attributes, the second was giving 
equal weightings to both the criteria and the attributes for each utilisation option.  As is evident from the 
figure below, the scores for the Landfill on-site, Compost off-site, Particleboard off-site and Primary energy 
on-site were only influenced marginally by the preferences of the primary decision maker.  Scores for 
Reuse off-site, Primary energy off-site, Supplementary fuel for a cement kiln and Supplementary fuel for a 
power station, however, were influenced significantly by weightings. 
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Figure 19: Effect of Primary Decision Maker’s preferences on score results for wood waste 
utilisation options 
However when the change in rankings is examined, it is apparent that in an unweighted evaluation, the 
only change in preferences occurs with reuse off-site (moves from seventh to second in both alternative 
considered) and primary energy off-site (moves from second to fourth and seventh).  All of the other 
resource recovery options either had no change or only moved one place, which was not considered to be 
significant in this context.  This is because the wood evaluation is only a first order evaluation and contains 
a level of judgement used in deriving the recovery option scores.  The change in rankings is shown in  
Table 18. 
Table 18: Change in rankings as a result of removal of weighting preferences of primary decision 
maker (PDM) in the assessment of optimal wood resource recovery 
Wood Utilisation Option PDM weighting Rank 
PDM 
weighted 
Attributes 
(no 
criteria) 
Rank 
No 
weighting 
criteria or 
attributes 
Rank 
Landfill on-site 59 3 56 3 62 3 
Reuse off-site 43 6 65 1 70 1 
Compost/Mulch off-site 42 7 43 7 45 6 
Particleboard off-site 37 8 40 8 39 8 
Primary Energy off-site 61 2 47 4 43 7 
Supp. Energy Kiln off-site 58 4 47 5 45 4 
Supp. Energy P/stat off-site 58 4 47 6 45 5 
Primary Energy on-site 69 1 65 2 62 2 
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6.5 Discussion and Refinements to the Approach 
The preceding “refined” approach to the assessment of optimal resource recovery attempted to improve on 
identified deficiencies within the approach to evaluation taken by the Inquiry into Alternative Waste 
Management Technologies.  To this end the process was restructured in order to clearly identify the 
problem under evaluation and the primary decision maker involved in the setting of score weights.  
Attention was also paid to the setting of a system boundary, selection of “meaningful” evaluation criteria 
and attributes in addition to using a more sophisticated approach to scoring each option.   
In this regard, the process can be described as an improvement on the Inquiry (even allowing for the 
omission of Inquiry criteria in this demonstration).  However, as the following discussion on the 
interpretation of the results of the wood evaluation will highlight, the process also has its own set of flaws  
and discrepancies. 
6.5.1 Non-Highest Resource Value Results 
In the discussion on Net Present Highest Resource Value (Section 3.3) it was identified that there is an 
immediate connotation that recycling used timber into a dining room table had a higher resource value than 
using that wood in a mulch/compost application.  It seems a reasonable expectation that any evaluation of 
optimal resource recovery options would score these reuse applications as performing very well, in 
preference over other options.  Similarly, with the case of manufacturing particleboard, one would intuit that 
this recovery option would be a better outcome than, for instance, energy generation.   
The evaluation of wood resource recovery options, however, scored reuse and particleboard as the second 
last and last placed options.  Reuse changed rankings to second in the sensitivity analysis, showing that it 
was influenced to a great deal by the weightings of the primary decision maker.  Particleboard, on the other 
hand, remained last in both alternate scenarios.  Other results out of step with anticipated outcomes 
include the strong performance of landfill, which scored third and was not affected by the primary decision  
maker’s wieghtings.  
The main reason for this result was because of the criterion measuring the amount of wood waste that 
each recovery option could utilise.  With the given makeup of softwood, hardwood, particleboard, medium 
density fibreboard and plywood within the 50,000 tonnes used in the evaluation, high value/low volume 
options were screened out.  For instance, reuse was judged to be only applicable to 5% of the available 
wood stream.  Similarly, particleboard manufacture requires softwood and was thus restricted to only a 
20% utilisation rate of the available stream.  Conversely, options that could take the entirety of the wood 
stream scored highly, namely the energy recovery options and landfill. 
This line of reasoning suggests integration of resource recovery options as a better solution.  For instance, 
the 2,500 tonnes of reusable timber could be removed from the stockpile prior to processing for an energy 
recovery option.  This issue was also noted by the Inquiry, namely that there is no one single choice that is 
optimal for an entire material stream of recovered resources (Wright et al 2000).  Yet both evaluation 
processes (Inquiry and wood) seek to differentiate between a range of discrete options to find the optimal 
recovery option, with the results of each assessment presented as a single summary score.  (This discrete 
option issue is explored further in Section 6.4.4.) 
6.5.2 Single Summary Score for Each Recovery Option 
A single summary score has many of the same problems noted by Stewart and Petrie (1999) with regard to 
the camouflage of unacceptable performance within contributing attributes of a single point indicator.  Thus 
a single summary score may hide unacceptable performance (such as inability to capture the net present 
highest resource value) of a preferred option.  
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This is illustrated with the case of Primary Energy On-site.  This resource recovery option was scored first 
in all scenarios examined for the resource recovery of wood.  However, it was the worst performer in terms 
of perceived political desirability arising from likely public opposition to “incineration” within the Sydney air-
shed.  This level of opposition could be treated as a deal breaker for a recovery project, especially as it 
indicates a strong likelihood of opposition when seeking to gain project development approval.  A single 
summary score is thus problematic as a decision making tool.  It is only when the detail of the contributing 
criteria and attributes are examined that the full picture of performance can be understood.  This serves as 
a validation of the process of examining the context, drivers and constraints and system model surrounding 
the problem area before engaging with an evaluation of resource recovery options.   
6.5.3 Reliance on Judgement for Scoring and Allocation of Weights 
In addition to the issue of the single summary score for each option, the refined evaluation approach has 
similar weaknesses to the Inquiry arising from the reliance on judgement to score individual attributes.  
Thus, what is presented as a quantitative analysis, is ultimately heavily biased by the subjectivity of the 
agents undertaking the evaluation, eroding the value of resulting “score card”. 
Assumptions, such as the security of supply for a given option, were judged to be a given in the 
assessment.  Noting the discussion on security of supply in Section 3.7.3, however, this is a questionable 
assumption.  A recovery operation that was sensitive to disruptions in throughput for its economic viability, 
could be unattractive to a recovery centre owner and thus should have been included as a point of 
comparison in the evaluation framework. 
Also the utilisation option scores were sensitive to the weightings assigned by the primary decision 
makers.  In the case of the wood recovery evaluation, preferences were allocated from the hypothetical 
position of a wood recycling centre operator.  With the Inquiry it was not identified how preferences were 
derived.  In both cases there was a need for a more robust process of preference elicitation from actual 
stakeholders.  While such a process may not overcome the structural problems with the evaluation 
approach, it would provide greater accuracy in examining the detail of certain options, in particular those 
related to the social and political criteria.   A version of the stakeholder consultation undertaken by the 
Energy from Waste Division of the Waste Management Association of Australia (see Section 3.4) and 
expanded to cover a larger range of recovery options, may well be a suitable starting point for gathering 
stakeholder preferences. 
6.5.4 Rank Reversal as a Result of Weights as Scaling Constants 
The rankings from both the wood recovery and the Inquiry evaluations were susceptible to rank reversal as 
a result of changes to allocated weights (used as constants to scale the preferences of the primary 
decision maker).  This may have been caused by a lack of robustness inherent in each assessment 
framework or from the questionable quality of data that was used to derive the performance scores of 
recovery options (or a combination of both). 
Rank reversal is problematic for decision makers as it highlights that the decision is primarily influenced by 
preferences as opposed to “objective” performance. 
6.5.5 Discrete Option Syndrome 
The issue of the discrete option syndrome was flagged in Section 6.4.1, namely that each resource 
recovery option was examined in isolation, with no opportunity for joint recovery options to be examined.  It 
is suggested that this is a fundamental flaw in the process of both the Inquiry and the wood evaluation.  
While other issues such as weighting of preferences and engaging with the detail as opposed to relying on 
a single summary score could be overcome, it is asserted that any evaluation of resource recovery options 
as discrete alternatives (that is, examined in isolation) will always be flawed and of little value in supporting 
optimal resource recovery.   
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This is because of the variety inherent within the material composition of recovered resource streams and 
the fact that no “one” discrete option will be able to extract the maximum amount of resource value.  Thus it 
is the material composition and quality that is more important in determining the optimal resource recovery 
option, as opposed to the technology selection. 
In order to achieve optimal resource recovery on a regional scale there is a need to overcome the “discrete 
option syndrome”, which is caused by an evaluation process designed to choose “the” optimal resource 
recovery option with only discrete options available for comparison.  In the Inquiry and the wood 
evaluation, the decision maker was choosing between “option a”, “option b”, “option c”, “option d” and 
“option e” on the basis of the single summary score.  There was no opportunity to investigate solutions built 
around a systems network approach that comprised, for instance, the arrangement of “0.1 option a”, “0.3 
option b”, “0.1 option  c”, “0.4 option d” and “0.1 option e” as is illustrated in the figure below.  In the case of 
the wood evaluation, such a systems alternative could comprise reuse, compost/mulch, particleboard 
manufacture, power generation off-site and a cement kiln off-site. 
Using such a systems approach, the starting point for the identification of the problem is to ask “what is the 
highest resource value of the components in the material stream under consideration and how could a 
network of infrastructure be designed to allow materials to flow to their highest resource value use?” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20: Difference in approach between a discrete “isolated” evaluation and an integrated 
systems assessment 
The integrated systems approach follows the process of designing a network for optimal recovery as 
opposed to selecting a discrete technology option.  This has implications for decision makers as it involves 
a change of approach, involving not a discrete technology option choice, but rather designing a regional 
network for resource recovery, selecting technologies and methodologies to meet the purpose of the 
network (optimal resource recovery) and then comparing and evaluating the performance of different 
network configurations.   
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Discrete “Isolated” Approach
Integrated Systems Approach
Each option is 
assessed for its 
ability to utilise the 
entirety of the 
available waste 
stream in an “either 
or” process.
The components within the waste 
stream are analysed for their 
highest resource value.  The 
question is then what 
infrastructure network is required 
that allows materials to flow to 
their highest resource value.
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7 CONCLUDING SUMMARY AND RECOMMENDATIONS  
7.1 Summary 
This thesis set out to explore the question of “what is the optimal resource recovery option for materials 
presenting as waste to landfill in the Greater Sydney Region”.   
The point of departure for this work was twofold.  Firstly, that optimal resource recovery options could be 
identified by understanding the context and system drivers and constraints within the system of waste 
generation and utilisation, by modelling the system using Industrial Ecology (specifically Materials Flux 
Analysis) and by using the assessment framework developed by the NSW Alternative Waste Management 
Technologies and Practices Inquiry to evaluate the available options. 
Secondly, that should the assessment framework of the NSW Inquiry prove unsuitable as a means of 
evaluation, then an improved and refined assessment framework could be constructed in order to identify 
optimal resource recovery options and that this process could be successfully demonstrated using wood 
waste as a case study. 
It was noted that for both of these approaches the principal focus for assessment was the recovery 
technologies as opposed to the material composition of the recovered resources. 
By examining the context of waste generation and resource recovery, it was identified that the issue of 
waste has moved from being a health management problem to being a challenge to transform wrong 
time/place wastes into right time/place resources.  Along this journey there have been several attempts to 
create the necessary change through the setting of waste diversion targets (60% by the year 2000) and 
through the creation of special purpose government agencies (NSW Waste Boards and Resource NSW, 
both of which are now defunct). 
The result, however, has been a lack of a national approach, a split at a state government level between 
the waste policy setters, regulators, planners and managers, and the waste operators, in addition to a lack 
of resource security for recovery projects arising from 39 local government bodies acting independently. 
Amongst the series of government stakeholders in resource recovery, a suite of often conflicting drivers 
and constraints influencing the process of resource recovery was identified.  For example, sustainable 
development is a driver that shapes public policy toward the integration of environmental and societal 
concerns into resource recovery options, but it is also a constraint to innovation if the competing status quo 
utilisation options are not subject to the same scrutiny as new projects. 
Furthermore much of the resource recovery legislative framework acts as a constraint to recovery options 
by establishing license conditions (Protection of the Environment Operations Act 1997), prohibiting items 
from recovery options such as energy recovery (Control of Burning Regulation 2000 and Protection of the 
Environment Operations (General) Amendment (Burning of Bio-Material) Regulation 2003)) and by setting 
criteria by which resource recovery operations need to establish their bona fides (Environmental 
Guidelines: Assessment, Classification & Management of Liquid & Non-liquid Wastes).  Other legislation 
however, acts as a driver for resource recovery options that generate renewable electricity (Renewable 
Energy (Electricity) Act 2000) or reduce greenhouse gas emissions (Electricity Supply Amendment 
(Greenhouse Gas Emission Reduction) Act 2002). 
It was identified that net present highest resource value has emerged as a driver to reduce the amount of 
material being disposed of to landfill.  However, by placing the onus of proof on the alternative project 
proponents, it could also be viewed as a constraint.  Other drivers and constraints identified included social 
issues and concerns.  Energy from Waste as an issue was used to illustrate the levels of debate within 
resource recovery projects.  These included the positive aspects that supported the development of 
resource recovery projects such as the reduction of landfill and conservation of resources.   
Optimal Recovery of Resources in the Greater Sydney Region 
Master of Engineering Research Thesis Page No. 106 of 132 
Negative elements within the recovery debate acting as social constraints included potential siting issues, 
prolonged community consultation, increased documentation demands and concerns over environmental 
and occupational health and safety issues.  Also impacting recovery activities were political drivers such as 
policy settings promoting resource recovery options, however there were also political constraints such as 
policy that focused on seemingly minor issues (such as litter) and disrupted project assistance through 
changes in bureaucratic structure. 
Other issues related to the performance of a resource recovery option included technical and economic 
aspects in addition to environmental concerns.  Technology as a driver (usually vendor driven) is 
concerned with increased performance results, however it can also constrain projects through issues with 
the maturity, availability and complexity of the technology.  Other technology concerns include capacity to 
handle contamination and any additional requirements for collection and aggregation.   
Economic concerns related to resource recovery operations related to the balance between income, 
namely gate fees for accepting a waste material and revenue from creating a saleable commodity and 
expenditure, for instance the costs involved with collection, aggregation, sorting, size reduction, screening, 
storage and delivery to market of recovered resources.    
Environmental concerns that required management included the potential for resource recovery operations 
to cause emissions to air (particulate matter, dioxins, greenhouse gases, NOx and SOx), to water (heavy 
metals, leachate and water usage and discharge) and to land (landfill, land application and ash). 
Industrial Ecology (IE) was found to be useful as a model for the complex system of waste generation and 
resource recovery.  Within the context of Industrial Ecology, waste was viewed as a product of 
manufacture available as a beneficial input into other processes.  Industrial Ecology uses the tool of 
Materials Flux Analysis (also referred to as Materials Flow Analysis and Industrial Metabolism) to model 
the flow of inputs and outputs within the economy.  Materials Flux Analysis was used in this work as a tool 
to build a model of waste generation and resource recovery.  Elements within the system were presented 
as a series of stocks (sources), technology interventions (transformation flows) and sinks (markets). 
The stocks or sources of materials for resource recovery were categorised as Municipal Solid (MSW), 
Commercial and Industrial (C&I) or Construction and Demolition (C&D) wastes.  It was noted that of the 
seven million tonnes of waste that is generated in the Greater Sydney Region, nearly two and a half million 
tonnes of materials were recovered for other uses and four and a half million tonnes of materials were 
disposed of to landfill. 
In order to recover these materials as resources, a technology intervention was required to effect a 
transformation to change the flow of waste into “right time/place” resources.  Technology interventions 
ranged from simple collection services for source separated products such as pallets for reuse, to complex 
systems of anaerobic digestion to produce methane and a digestate suitable for use as a fertiliser.  The 
technology interventions were grouped according to collection (mixed or separate), homogenisation 
(sorting, screening, MRFing, pre-treatment and dirty MRFing), secondary processing (size reduction, sizing 
and contamination removal) and subsequent conversion (composting, anaerobic digestion, combustion 
and advanced thermal) activities.   
The purpose of the technology intervention was to transform the material into a product that is suited to the 
end market (sink).  Markets were grouped according to reuse (same function and form), direct recycling 
(processed material re-entering the same supply chain), indirect recycling (processed material entering a 
different supply chain) and energy recovery (processing to recover energy either as process heat, 
electricity or co-generation - a combination of the two).  Landfill was also discussed as a potential sink for 
materials and in this sense was thought of as a negative value market.   
The primary recovery activities that were found in the Greater Sydney Region included domestic kerbside 
recycling, composting and mulching of garden organic materials, recycling of concrete, bricks and soil in 
combination with some energy recovery (primarily of wood material into power stations).   
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The Alternative Waste Management Technologies and Practices Inquiry represented the first attempt at 
assessing resource recovery options for the Greater Sydney Region.   Fourteen classes of technology 
were grouped into four overall categories of Mechanical Separation Technologies, Biological Technologies, 
Thermal Technologies and Landfill Technologies, and were measured and compared against 16 evaluation 
criteria to give a single summary score. 
Each evaluation criterion was grouped into four main categories of Technical, Environmental, Social and 
Economic issues and was given a score, effectively out of ten (score of one to five with half scores 
allowable).  The scores were not scaled against each other as a relative assessment but were treated as 
absolutes.  Each of the four grouping categories (Technical, Environmental, Social and Economic) were 
given an equal weighting of 25%.  Within each of the grouping categories, criteria were weighted on the 
basis of an estimate by the Inquiry of the relative importance of each criterion, however no justification for 
the weightings (such as the perspective of a primary decision maker in determining performance 
preferences or stakeholder consultation) was given. 
Each resource recovery option received a score out of one hundred and was then grouped into a de facto 
ranking scale with performance ranges of “Very well” (over 72 points), “Well” (between 64 and 70 points), 
“Moderately well” (between 60 and 64 points) and “Poorly” (below 60 points).  All of the landfill technologies 
scored “moderately well”, material sorting scored the highest (very well), incineration the lowest (poorly) 
and most of the biological technologies were assessed as performing well. 
The positive aspects of the Alternative Waste Management Technologies and Practices Inquiry were that it 
provided a snapshot of the waste situation in the Greater Sydney Region, gave an overview of some of the 
alternative resource recovery technologies, presented a process for technology evaluation, incorporated 
some social concerns into the evaluation process and detailed many issues pertinent to decision making 
for resource recovery projects. 
However, several negative aspects identified of the Inquiry’s assessment framework were identified.  For 
instance, the problem was not clearly defined, decision makers were not identified, system boundary 
selection and resource security was not discussed, technology options were omitted (for example, process 
engineered fuels) and requisite evaluation criteria were not included in the evaluation (for example, 
contribution to waste reduction).   
Other problems arose from inconsistencies in the scoring approach.  Qualitative scores were presented as 
quantitative results (for example, high, medium and low as 5, 3, and 1 respectively); different system 
boundaries were used for different technologies (for example, material sorting only considered source 
separated domestic recyclables); a sensitivity analysis showed that the technology rankings were 
influenced by weightings (under one weighting scenario all of the landfill technologies were the top 
performers); the nature of the raw performance scores was questionable (for example, inconsistencies of 
scoring and the use of half scores); and the method used to combine the raw scores was also questionable 
(no relative assessment). 
The assessment framework developed by the NSW Alternative Waste Management Technologies and 
Practices Inquiry was thus deemed to be unsuitable for use in evaluating resource recovery options. 
A new process to overcome the limitations of the Inquiry’s assessment was constructed.  This involved 
identifying the problem and decision makers, including the technology option of fuel preparation, defining a 
consistent system boundary, selecting different criteria for evaluation, using an alternative scoring 
approach and conducting a sensitivity analysis of the results.   
Wood waste was selected as the case study to test this approach and was defined as the end-of-life 
products, failed products, offcuts, shavings and sawdust from all timber products.  This excluded both 
forest residues (often referred to as primary wood waste) and garden organics, including branches, bushes  
and tree stumps.   
Optimal Recovery of Resources in the Greater Sydney Region 
Master of Engineering Research Thesis Page No. 108 of 132 
Approximately 350,000 tonnes of wood waste are disposed of to landfill each year.  This comprises 
untreated timber (hardwood and softwood), engineered timber products (particleboard, medium density 
fibreboard and plywood) and treated timber (predominately copper chrome arsenic).   
The problem was defined as “what is the optimum resource recovery option for wood waste coming into a 
regional wood waste receiving facility”.  50,000 tonnes of wood waste was used as the basis of the 
comparison (25,000 tonnes of untreated timber and 25,000 tonnes of engineered timber products, with the 
assumption that resource security could be obtained). 
The primary decision maker was identified as the owner of a wood recycling centre facility (co-located at a 
landfill).  Eight resource recovery options were selected for evaluation.  These included landfill on-site, 
reuse off-site, compost/mulch off-site, particleboard production off-site, primary source for fuel off-site, 
supplementary fuel in a cement kiln off-site, supplementary fuel in a coal fired power station off-site and 
primary source of fuel for a new facility on-site.    
The system boundary was set as the Greater Sydney Region and a distinction between criteria and 
attributes of each criterion was introduced.  The selection of criteria and attributes was informed by the 
problem definition and additional evaluation criteria such as percentage of wood waste used by the 
recovery option (contribution to waste reduction) were included.  The evaluation of the problem and 
approach to scoring was derived from multi-criteria (attribute) decision analysis theory.  This approach had 
the advantage of scaling up the best performers within each attribute (highest score) while scaling down 
the worst performers (no score).   
A ranking scale, labelling recovery operations as performing “Very well” (over 65 points), “Well” (between 
55 and 65 points), “Moderately well” (between 45 and 55 points), and “Poor” (below 45 points) was used. 
Under this scale, an on-site purpose built energy facility was the only option that performed “very well”.  
Resource recovery options that performed “well” included primary energy off-site, landfill on-site, 
supplementary energy for a cement kiln off-site and supplementary energy for a power station off-site.  
There were no “moderately well” performing recovery options and those options that were grouped as 
“poor” performers included reuse off-site, compost off-site and particleboard manufacture off-site. 
A sensitivity analysis of the results revealed that the scores of each technology option were sensitive to the 
weightings (preferences of the decision maker).  When the change in weightings was examined, it became 
apparent that there was very little change in the overall ranking for each option.  The exceptions were 
reuse off-site (moved from seventh to second) and primary energy off-site (moved from second to 
seventh).  This highlighted the fact that the evaluation model was not completely robust with regard to the 
avoidance of rank reversal as a result of the changes in weighting structure. 
A critique of the results of the wood evaluation revealed five major flaws.  Firstly the evaluation produced 
non-highest resource value results that were non-intuitive (and arguably misleading), for example the lower 
performance of reuse and particleboard against energy generation options.  Secondly, the recording of a 
single summary score for each recovery option hid unacceptable performance levels in some criteria.  For 
example, the top score of primary energy on-site, hid the fact that such an option was likely to have no 
political desirability (likely public opposition to “incineration” within the Sydney air-shed), calling into 
question its ability to be implemented as a solution.  Thirdly there was a reliance on judgement for the 
scoring of options and weighting of preferences and as with the Inquiry, this called into doubt the accuracy 
of scores.  Fourthly, the rankings of recovery options by the assessment framework were sensitive to the 
allocation of weightings.   Finally and most importantly, the refined evaluation approach suffered from the 
“discrete option syndrome”, that is, the scoring of each recovery option in isolation with no ability to look at 
integrated systems involving joint recovery options.  This was pinpointed as a fundamental flaw in the 
process of both the Inquiry and the wood evaluation.   
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7.2 Conclusions 
Based on the discussion in this body of work, it is concluded that the founding assertions of this thesis 
were incorrect.  Rather than being useful, the assessment framework developed by the NSW Alternative 
Waste Management Technologies and Practices Inquiry is not suitable for use in evaluating resource 
recovery options.  Furthermore, a refined assessment framework seeking to improve on the Inquiry’s 
approach is also unable to identify optimal resource recovery options. 
However, the overall process of firstly examining the context to the problem, then identifying the system 
drivers and constraints before modelling the system using Materials Flux Analysis as a precursor to 
performing any kind of assessment was found to be useful and valid.  In fact, it was only as a result of 
engaging in this type of process that the inadequacies of both assessment frameworks could be revealed. 
The results of this research thus points to the overall conclusion that any discrete option evaluation and 
assessment for resource recovery technologies that results in a single summary score for each option will 
be fundamentally flawed, providing no value in determining optimal resource recovery solutions for the 
Greater Sydney Region.  This style of approach focuses attention on the recovery technology when more 
effort should be spent in understanding the material composition of the recovered resource stream in order 
to target “net present highest resource value”. 
In order to identify the net present highest resource value of a material within a waste stream, it is 
necessary to firstly understand the context, system drivers and constraints surrounding the resource 
recovery of the given material and to construct a model based on the materials flux analysis for the 
material in question.  (Two examples of this process, firstly for the general waste stream and secondly for 
wood waste, have been provided in this work). 
The knowledge gained by engaging in this process will facilitate the conceptual design of an industrial eco-
system capable of “digesting” the various material components under investigation.  In other words, the 
industrial eco-system is the integrated network of resource recovery options capable of utilising the entirety 
of the material stream.  In the wood waste case study, such a network could have involved reuse, 
compost/mulch, particleboard manufacture, power station fuel and cement kiln fuel.  For other materials 
such as plastic or paper, there could be a similar mix of reuse, direct recycling, indirect recycling and 
energy recovery options.   
The evaluation and assessment component of the overall process would then present a challenge in 
network optimisation.  This is where discrete network alternatives (bundles of resource recovery 
configurations) are compared and assessed.  The goal of the network optimisation should be to maximise 
the net present highest resource value of the materials being recovered. 
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7.3 Recommendations 
A systems approach is suggested as an alternative method for the evaluation of optimal resource recovery, 
the starting point of which is to ask “what is the net present highest resource value of the components in 
the material stream under consideration and how could a network of infrastructure be designed in order to 
allow materials to flow to their highest resource value use?”   
It is therefore recommended that further research and public policy efforts be directed toward the logistics 
planning across the Greater Sydney Region (as opposed to at a regional or local government area) in 
order to create the network opportunities for integrated flows of materials to move toward their highest  
resource value. 
Other required areas of research and development highlighted by this work include: 
• Developing an appropriate scoring system for network evaluation, 
• Gaining robust information to use in the design of industrial eco-systems to overcome the 
problems associated with subjective judgements acting as proxy data in assessment frameworks, 
• Developing methodologies that elicit meaningful preferences from stakeholders in resource 
recovery operations, and 
• Factoring resource security and lead times into the development of infrastructure. 
The work presented here and the above recommendations for future work will be of interest to 
owners/operators of resource recovery centres, proponents of alternative waste management 
technologies, waste planners and managers at both a state and local government level and environmental 
NGOs representing community interests, in addition to the actual generators of waste at a domestic, 
commercial and industrial, and construction and demolition level. 
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9 APPENDICES 
9.1 Appendix 1 – Local Councils in the Greater Sydney Region 
Local Council Previous Waste Board 
Ashfield Inner Sydney Waste Board 
Auburn Inner Sydney Waste Board 
Bankstown Western Sydney Waste Board 
Baulkham Hills Western Sydney Waste Board 
Blacktown Western Sydney Waste Board 
Botany Bay Southern Sydney Waste Board 
Burwood Inner Sydney Waste Board 
Canterbury Southern Sydney Waste Board 
Concord Inner Sydney Waste Board 
Drummoyne Inner Sydney Waste Board 
Fairfield Western Sydney Waste Board 
Hawkesbury Western Sydney Waste Board 
Holroyd Western Sydney Waste Board 
Hornsby Northern Sydney Waste Board 
Hunters Hill Northern Sydney Waste Board 
Hurstville Southern Sydney Waste Board 
Kogarah Southern Sydney Waste Board 
Ku-Ring-Gai Northern Sydney Waste Board 
Lane Cove Northern Sydney Waste Board 
Leichhardt Inner Sydney Waste Board 
Liverpool Western Sydney Waste Board 
Manly Northern Sydney Waste Board 
Marrickville Southern Sydney Waste Board 
Mosman Northern Sydney Waste Board 
North Sydney Northern Sydney Waste Board 
Parramatta Western Sydney Waste Board 
Penrith Western Sydney Waste Board 
Pittwater Northern Sydney Waste Board 
Randwick Southern Sydney Waste Board 
Rockdale Southern Sydney Waste Board 
Ryde Northern Sydney Waste Board 
South Sydney Southern Sydney Waste Board 
Strathfield Inner Sydney Waste Board 
Sutherland Southern Sydney Waste Board 
Sydney City Inner Sydney Waste Board 
Warringah Northern Sydney Waste Board 
Waverley Southern Sydney Waste Board 
Willoughby Northern Sydney Waste Board 
Woollahra Southern Sydney Waste Board 
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9.2 Appendix 2 – Rio Declaration on Environment and Development Principles 
Principle 1: Human beings are at the centre of concerns for sustainable development.  They are entitled to 
a healthy and productive life in harmony with nature.   
Principle 2: States have, in accordance with the Charter of the United Nations and the principles of 
international law, the sovereign right to exploit their own resources pursuant to their own environmental 
and developmental policies, and the responsibility to ensure that activities within their jurisdiction or control 
do not cause damage to the environment of other States or of areas beyond the limits of national 
jurisdiction.   
Principle 3: The right to development must be fulfilled so as to equitably meet developmental and 
environmental needs of present and future generations.   
Principle 4: In order to achieve sustainable development, environmental protection shall constitute an 
integral part of the development process and cannot be considered in isolation from it.   
Principle 5: All States and all people shall cooperate in the essential task of eradicating poverty as an 
indispensable requirement for sustainable development, in order to decrease the disparities in standards of 
living and better meet the needs of the majority of the people of the world.   
Principle 6: The special situation and needs of developing countries, particularly the least developed and 
those most environmentally vulnerable, shall be given special priority.  International actions in the field of 
environment and development should also address the interests and needs of all countries.   
Principle 7: States shall cooperate in a spirit of global partnership to conserve, protect and restore the 
health and integrity of the Earth's ecosystem.  In view of the different contributions to global environmental 
degradation, States have common but differentiated responsibilities.  The developed countries 
acknowledge the responsibility that they bear in the international pursuit of sustainable development in 
view of the pressures their societies place on the global environment and of the technologies and financial 
resources they command.   
Principle 8: To achieve sustainable development and a higher quality of life for all people, States should 
reduce and eliminate unsustainable patterns of production and consumption and promote appropriate 
demographic policies.   
Principle 9: States should cooperate to strengthen endogenous capacity-building for sustainable 
development by improving scientific understanding through exchanges of scientific and technological 
knowledge, and by enhancing the development, adaptation, diffusion and transfer of technologies, 
including new and innovative technologies.   
Principle 10: Environmental issues are best handled with the participation of all concerned citizens, at the 
relevant level.  At the national level, each individual shall have appropriate access to information 
concerning the environment that is held by public authorities, including information on hazardous materials 
and activities in their communities, and the opportunity to participate in decision-making processes.  States 
shall facilitate and encourage public awareness and participation by making information widely available.  
Effective access to judicial and administrative proceedings, including redress and remedy, shall be 
provided.   
Principle 11: States shall enact effective environmental legislation.  Environmental standards, management 
objectives and priorities should reflect the environmental and developmental context to which they apply.  
Standards applied by some countries may be inappropriate and of unwarranted economic and social cost 
to other countries, in particular developing countries.   
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Principle 12: States should cooperate to promote a supportive and open international economic system 
that would lead to economic growth and sustainable development in all countries, to better address the 
problems of environmental degradation.  Trade policy measures for environmental purposes should not 
constitute a means of arbitrary or unjustifiable discrimination or a disguised restriction on international 
trade.  Unilateral actions to deal with environmental challenges outside the jurisdiction of the importing 
country should be avoided.  Environmental measures addressing transboundary or global environmental 
problems should, as far as possible, be based on an international consensus.   
Principle 13: States shall develop national law regarding liability and compensation for the victims of 
pollution and other environmental damage.  States shall also cooperate in an expeditious and more 
determined manner to develop further international law regarding liability and compensation for adverse 
effects of environmental damage caused by activities within their jurisdiction or control to areas beyond 
their jurisdiction.   
Principle 14: States should effectively cooperate to discourage or prevent the relocation and transfer to 
other States of any activities and substances that cause severe environmental degradation or are found to 
be harmful to human health.   
Principle 15: In order to protect the environment, the precautionary approach shall be widely applied by 
States according to their capabilities.  Where there are threats of serious or irreversible damage, lack of full 
scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent 
environmental degradation.   
Principle 16: National authorities should endeavour to promote the internalisation of environmental costs 
and the use of economic instruments, taking into account the approach that the polluter should, in 
principle, bear the cost of pollution, with due regard to the public interest and without distorting international 
trade and investment.   
Principle 17: Environmental impact assessment, as a national instrument, shall be undertaken for 
proposed activities that are likely to have a significant adverse impact on the environment and are subject 
to a decision of a competent national authority.   
Principle 18: States shall immediately notify other States of any natural disasters or other emergencies that 
are likely to produce sudden harmful effects on the environment of those States.  Every effort shall be 
made by the international community to help States so afflicted.   
Principle 19: States shall provide prior and timely notification and relevant information to potentially 
affected States on activities that may have a significant adverse transboundary environmental effect and 
shall consult with those States at an early stage and in good faith.   
Principle 20: Women have a vital role in environmental management and development.  Their full 
participation is therefore essential to achieve sustainable development.   
Principle 21: The creativity, ideals and courage of the youth of the world should be mobilised to forge a 
global partnership in order to achieve sustainable development and ensure a better future for all.   
Principle 22: Indigenous people and their communities, and other local communities, have a vital role in 
environmental management and development because of their knowledge and traditional practices.  States 
should recognise and duly support their identity, culture and interests and enable their effective 
participation in the achievement of sustainable development.   
Principle 23: The environment and natural resources of people under oppression, domination and 
occupation shall be protected.   
Principle 24: Warfare is inherently destructive of sustainable development.  States shall therefore respect 
international law providing protection for the environment in times of armed conflict and cooperate in its 
further development, as necessary.   
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Principle 25: Peace, development and environmental protection are interdependent and indivisible.   
Principle 26: States shall resolve all their environmental disputes peacefully and by appropriate means in 
accordance with the Charter of the United Nations.   
Principle 27: States and people shall cooperate in good faith and in a spirit of partnership in the fulfilment 
of the principles embodied in this Declaration and in the further development of international law in the field 
of sustainable development. 
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9.3 Appendix 3 – Configuration of Weightings Used to Test the Sensitivity of the 
Alternative Waste Management Technologies and Practices Inquiry Assessment 
Framework 
In order to test the sensitivity of the Inquiry’s results, the following analyses were undertaken to investigate 
the potential for change within the final technology scores: 
• Original score and equal weightings - criteria and groupings, 
• Original score and original criteria weightings - 40% technical preference, 20% weighting to the  
other three,  
• Original score with equal criteria weightings - 40% technical preference, 20% weighting to the  
other three, 
• Original score and original criteria weightings - 70% technical preference, 10% weighting to the  
other three, 
• Original score with equal criteria weightings - 70% technical preference, 10% weighting to the  
other three, 
• Original score and original criteria weightings - 40% environmental preference, 20% weighting to  
the other three, 
• Original score with equal criteria weightings - 40% environmental preference, 20% weighting to  
the other three, 
• Original score and original criteria weightings - 70% environmental preference, 10% weighting to  
the other three, 
• Original score with equal criteria weightings - 70% environmental preference, 10% weighting to  
the other three, 
• Original score and original criteria weightings - 40% social preference, 20% weighting to the  
other three, 
• Original score with equal criteria weightings - 40% social preference, 20% weighting to the  
other three, 
• Original score and original criteria weightings - 70% social preference, 10% weighting to the  
other three, 
• Original score with equal criteria weightings - 70% social preference, 10% weighting to the  
other three, 
• Original score and original criteria weightings - 40% economic preference, 20% weighting to the  
other three, 
• Original score with equal criteria weightings - 40% economic preference, 20% weighting to the  
other three, 
• Original score and original criteria weightings - 70% economic preference, 10% weighting to the  
other three, and 
• Original score with equal criteria weightings - 70% economic preference, 10% weighting to the  
other three. 
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9.4 Appendix 4 – Survey of Current Sinks, Issues and Opportunities for Wood Waste in 
the Greater Sydney Region 
In order to investigate the current utilisation opportunities for wood waste in the Greater Sydney Region, an 
informal survey was conducted of the wood waste industry during June and July 2002 using the Author’s 
contacts in the industry.  The intention of the survey was to gain an indication of the status quo of current 
usage patterns of wood waste in the NSW region, in addition to drivers and barriers to increased utilisation 
of wood waste and the identification of ongoing research and initiatives that are occurring with wood waste.  
The informal survey was undertaken with the following people: 
Name Organisation 
Michael Boadle Blue Circle Southern Cement 
Brett Corderoy Delta Electricity 
Kenneth Epp Visy Pulp and Paper 
David Gardner State Forests NSW 
James Graham Resource NSW 
Steve Ireland Macquarie Generation 
Andrew Lischmund Kurnell Land Fill 
Michael McFadyen Resource NSW 
Paul Schembri BetterGrow 
Rohne Simonds Brandowne Landfill 
Patrick Soars Australian Native Landscapes 
Mary Stewart Chemical Engineering, University of Sydney 
John Vyse Camden Soil Mix 
Evan Wells Carter Holt Harvey 
Fabiano Ximenes State Forests NSW 
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9.5 Appendix 5 – Raw and Weighted Scores for Criteria and Attributes Used in the Assessment of Optimal Wood Resource Recovery 
There were 12 criteria, each with one or more attributes, that were grouped according to Techno-Economic, Environmental and Socio-Political aspects and used to score recovery 
options.  The “raw score” and weighted values used for each attribute are presented in the tables below.  An indication of whether the raw score is primarily factual or judgement is 
also given for each attribute and recovery option.  The methodology for transforming the raw scores was discussed in Section 6.4.6. 
9.5.1 Raw and Weighted Scores for Techno-Economic Criteria and Attributes  
 
 
Technical Attributes Stockpile Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
Simplicity/Practicality Stockpile Process 5 4 4 2 4 4 4 4
Transformed Simplicity/Practicality 
Stockpile Process 0.03 100 67 67 0 67 67 67 67
Status of data  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement 
Weighted Attribute 0.3 30 20 20 0 20 20 20 20
Flexibility Source Process (Alternate 
products with same technology) 1 5 4 4 2 3 3 5
Transformed Flexibility Source Process 
(Alternate products with same technology) 0.04 0 100 75 75 25 50 50 100
Status of data  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement 
Weighted Attribute 0.7 0 70 53 53 18 35 35 70
Total Value Stockpile 100 167 142 75 92 117 117 167
Total Weighted Value Stockpile 1.00 30 90 73 53 38 55 55 90
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Technical Attributes Sink Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
Proven Sink Process 5 4 4 1 2 2 1 1
Transformed Proven Sink Process 0.04 100 75 75 0 25 25 0 0
Status of data  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement 
Weighted Attribute 0.3 30 23 23 0 8 8 0 0
Lead Time (years) 0 0 0.5 2 0.5 0.5 1 5
Transformed Lead Time 0.05 100 100 90 60 90 90 80 0
Status of data  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement 
Weighted Attribute 0.3 30 30 27 18 27 27 24 0
Flexibility regarding supply (buffer) 5 4 4 2 2 3 3 2
Transformed Flexibility regarding supply 
(buffer) 0.03 100 67 67 0 0 33 33 0
Status of data  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement  Judgement 
Weighted Attribute 0.4 40 27 27 0 0 13 13 0
Total Value Sink 300 242 232 60 115 148 113 0
Total Weighted Value Sink 1.00 100 79 76 18 35 48 37 0
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Transport Attributes - Stockpile to Sink Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
 Cost per tonne  $                 -    $             5.00  $           10.00  $           25.00  $             29.00  $             23.00  $             23.00 $                  -   
Transformed Cost per tonne 0.29 100 83 66 14 0 21 21 100
Status of data  Factual  Factual  Factual  Factual  Factual  Factual  Factual  Factual 
Weighted Attribute 0.3 30 25 20 4 0 6 6 30
Distance 0 25 40 200 400 150 150 0
Transformed Distance 4 100 94 90 50 0 63 63 100
Status of data Factual Factual Factual Factual Factual Factual Factual Factual
Weighted Attribute 0.1 10 9 9 5 0 6 6 10
Tonnes able to be backloaded 50000 125 1250 500 42500 2500 2500 50000
Transformed backload tonnes 499 100 0 2 1 85 5 5 100
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.6 60 0 1 0 51 3 3 60
Total Value 300 177 158 65 85 88 88 300
Total Weighted Value 1.00 100 34 30 10 51 15 15 100
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Economic Attributes Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
Additional Capital Expenditure Stockpile $0 $50,000 $800,000 $900,000 $750,000 $700,000 $700,000 $1,000,000
Transformed cap ex. Spile 10000 100 95 20 10 25 30 30 0
Status of data Factual Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.1 10 9.5 2 1 2.5 3 3 0
Other Fixed Costs Stockpile $0 $100,000 $150,000 $150,000 $250,000 $250,000 $250,000 $300,000
Transformed other fixed costs Spile 3000 100 67 50 50 17 17 17 0
Status of data Factual Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.1 10 7 5 5 2 2 2 0
Variable Costs Stockpile $3.00 $10.00 $25.00 $30.00 $20.00 $22.00 $25.00 $20.00
Transformed Variable costs Spile $0.27 100 74 19 0 37 30 19 37
Status of data Factual Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.1 10 7 2 0 4 3 2 4
Lost Opportunity Cost Stockpile $500,000 $475,000 $250,000 $100,000 $0 $0 $0 $0
Transformed Lost Opp Cost Spile $5,000 0 5 50 80 100 100 100 100
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.4 0 2 20 32 40 40 40 40
Gate Fee $80 $35 $35 $35 $35 $35 $35 $35
Transformed Gate Fee $0.45 100 0 0 0 0 0 0 0
Status of data Judgement Judgement Judgement Judgement Factual Factual Factual Factual
Weighted Attribute 0.1 10 0 0 0 0 0 0 0
Section 88 Contributions $850,000 $807,500 $425,000 $170,000 $0 $0 $0 $0
Transformed Section 88 Contribution $8,500 0 5 50 80 100 100 100 100
Status of data Factual Judgement Judgement Judgement Factual Factual Factual Factual
Weighted Attribute 0.2 0 1 10 16 20 20 20 20
Total Value - Spile 400 246 189 220 279 276 265 237
Total Weighted Value - Spile 1.00 40 27 39 54 68 68 67 64
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9.5.2 Raw and Weighted Scores for Environmental Criteria and Attributes  
 
 
 
 
 
 
 
Economic Attributes Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
Price paid by sink FOB $0 $100 $15 $20 $5 $0 $10 $20
Transformed Price by Sink FOB $1 0 100 15 20 5 0 10 20
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 1 0 100 15 20 5 0 10 20
Total Value - Sink 0 100 15 20 5 0 10 20 
Total Weighted Value - Sink 1.00 0 100 15 20 5 0 10 20
Environmental Attributes - Stockpile Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary Energy 
off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary Energy 
on-site
Spile - Carbon Dioxide 3 1 4 4 4 4 4 3
Transformed Spile - Carbon Dioxide 0.03 33 100 0 0 0 0 0 33
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.5 16.7 50 0 0 0 0 0 16.66666667
Spile - Dust 1 1 5 5 4 5 5 4
Transformed Spile - Dust 0.04 100 100 0 0 25 0 0 25
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.5 50 50 0 0 12.5 0 0 12.5
Total Value - Spile 133 200 0 0 25 0 0 58
Total Weighted Value - Spile 1.00 67 100 0 0 13 0 0 29
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Environmental Attributes Transport Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary Energy 
off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary Energy 
on-site
Transport - Carbon Dioxide 1 2 2 3 5 3 3 1
Transformed Transport - Carbon Dioxide 0.04 100 75 75 50 0 50 50 100
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 1 100 75 75 50 0 50 50 100
Total Value - Transport 100 75 75 50 0 50 50 100
Total Weighted Value - Transport 1.00 100 75 75 50 0 50 50 100
Environmental Attributes - Sink Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary Energy 
off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary Energy 
on-site
Sink - Carbon Dioxide 3 1 3 1 4 4 4 4
Transformed Sink - Carbon Dioxide 0.03 33 100 33 100 0 0 0 0
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.2 7 20 7 20 0 0 0 0
Sink - Methane 5 1 2 1 1 1 1 1
Transformed Sink - Methane 0.04 0 100 75 100 100 100 100 100
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.2 0 20 15 20 20 20 20 20
Emissions to Landfill 50000 47500 25000 10000 0 0 0 0
Transformed Emissions to Landfill 500 0 5 50 80 100 100 100 100
Status of data Factual Judgement Judgement Judgement Factual Factual Factual Factual
Weighted Attribute 0.3 0 1.5 15 24 30 30 30 30
Avoided Fossil Fuel Burden 1 1 1 1 5 5 5 5
Transformed Avoided Fossil Fuel Burden 0.04 0 0 0 0 100 100 100 100
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 0.3 0 0 0 0 30 30 30 30
Total Value - Sink 33 205 158 280 300 300 300 300
Total Weighted Value - Sink 1.00 7 42 37 64 80 80 80 80
Optimal Recovery of Resources in the Greater Sydney Region 
Master of Engineering Research Thesis Page No. 130 of 132 
9.5.3 Raw and Weighted Scores for Socio-Political Criteria and Attributes  
 
 
 
 
 
 
 
 
 
 
 
 
 
Social Attributes - Stockpile Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
Spile - Increased vehicle movements 0 500 1250 500 2500 2500 2500 0
Transformed Spile - Increased vehicle 
movements 25 100 80 50 80 0 0 0 100
Status of data factual factual factual factual factual factual factual factual
Weighted Attribute 0.3 30 24 15 24 0 0 0 30
Spile - Jobs 0 2 3 3 5 5 5 6
Transformed Spile - New Jobs 0.06 0 33 50 50 83 83 83 100
Status of data factual factual factual factual factual factual factual judgement
Weighted Attribute 0.7 0 23 35 35 58 58 58 70
Total Value - Spile 100 113 100 130 83 83 83 200
Total Weighted Value - Spile 1.00 30 47 50 59 58 58 58 100
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Social Attributes - Sink Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
Sink - Increased Vehicle Movements 0 119 1188 475 375 708 708 0
Transformed Sink - Increased Vehicle 
Movements 11.875 100 90 0 60 68 40 40 100
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 1 100 90 0 60 68 40 40 100
Total Value - Sink 100 90 0 60 68 40 40 100
Total Weighted Value 1.00 100 90 0 60 68 40 40 100
Political Attributes Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary Energy 
off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary Energy 
on-site
Estimate of Political Desirability 1 5 4 4 3 3 3 1
Transformed Political Desirability 0.04 0 100 75 75 50 50 50 0
Status of data Judgement Judgement Judgement Judgement Judgement Judgement Judgement Judgement
Weighted Attribute 1 0 100 75 75 50 50 50 0
Total Value 0 100 75 75 50 50 50 0
Total Weighted Value 1.00 0.00 100.00 75.00 75.00 50.00 50.00 50.00 0.00
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Percentage Wood Use Attributes Rating Factor
Landfill on-
site
Re-use off-
site
Compost off-
site
Particleboard 
off-site
Primary 
Energy off-site
Supp. Energy 
Kiln off-site
Supp. Energy 
P/stat off-site
Primary 
Energy on-site
Tonnes of wood able to be used 50000 2500 25000 10000 50000 50000 50000 50000
Transformed tonnes of wood 475 100 0 47 16 100 100 100 100
Status of data judgement judgement judgement judgement judgement judgement judgement judgement
Weighted Attribute 1 100 0 47 16 100 100 100 100
Total Value 100 0 47 16 100 100 100 100
Total Weighted Value 1.00 100 0 47 16 100 100 100 100
 
 
 
 
 
 
